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QUASAR 


electronics 


Solutions for Home, Education & industry Since 1993 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £9.95 
18Vdc Power supply (661.121) £25.95 
Leads: Parallel (_.DC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


USB & Serial Port PIC Programmer 

USB or Serial connection. 
Wi) Header cable for ICSP. 
Free Windows software. 
See website for PICs sup- 
ported. ZIF Socket & USB 
lead extra. 16-18Vdc. 

Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £64.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.95 


USB PIC Programmer and Tutor Board 
This tutorial project 
board is all you need 
to take your first steps 
into Microchip PIC 
programming using a 
PIC16F882 (included). Later you can use it 
for more advanced programming. It programs 
all the devices a Microchip PICKIT2~ can! 
You can use the free Microchip tools for the 
PICKit2™ and the MPLAB® IDE environment. 
Order Code: EDU10 - £55.96 


ATMEL 89xxxx Programmer 
Uses serial port and any 
standard terminal comms 
program. 4 LED’s display 
the status. ZIF sockets 
not included. 16Vdc. 

Kit Order Code: 3123KT - £28.95 
Assembled Order Code: AS3123 - £39.95 


Introduction to PIC Programming 
Go from complete beginner 
to burning a PIC and writing 
code in no time! Includes 49 
page step-by-step PDF 
Tutorial Manual + Program- 
ming Hardware (with LED 
test section) + Windows Software (Program, 
Read, Verify & Erase) + a rewritable 
PIC16F84A. 4 detailed examples provided for 
you to learn from. PC parallel port. 12Vdc. 

Kit Order Code: 3081KT - £16.95 

Assembled Order Code: AS3081 - £24.95 


PIC Programmer 
Board 

Low cost PIC program- 
mer board supporting 
a wide range of Micro- 
chip® PIC” microcon- 
trollers. Serial port. Free Windows software. 
Kit Order Code: K8076 - £29.94 


Quasar Electronics Limited 

PO Box 6935, Bishops Stortford 

CM23 4WP, United Kingdom 

Tel: 01279 467799 

Fax: 01279 267799 

E-mail: sales@quasarelectronics.co.uk 


Web: www.quasarelectronics.co.uk 


01279 


We accept all major credit/debit cards. Make PO’s payable to 


Quasar Electronics Limited. 


Card 
Sales Line 


PIC Programmer & Experimenter Board 
PIC Programmer & Experi- 
menter Board with test 
buttons and LED indicators 
to carry out educational 
experiments such as the 
supplied programming examples. Includes a 
16F627 Flash Microcontroller that can be 
reprogrammed up to 1000 times. Software to 
compile and program your source code is 
included. Supply: 12-15Vdc. 

Kit Order Code: K8048 - £23.94 

Assembled Order Code: VM111 - £39.12 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code 660.446UK £11.52 


USB Experiment 


Usha 
Interface Board 
5 digital input chan- 
nels and 8 digital out- 
put channels plus two 


analogue inputs and 

two analogue outputs with 8 bit resolution. 
Kit Order Code: K8055N - £25.19 
Assembled Order Code: VM110N - £40.20 


2-Channel High Current UHF RC Set 
State-of-the-art high securi- 
ty. 2 channel. Momentary or 
latching relay output rated to 
switch up to 240Vac @ 10 
Amps. Range up to 40m. Up 
to 15 Tx’s can be learnt by 
one Rx (kit includes one Tx 
but more available separately). 3 indicator 
LEDs. Rx: PCB 88x60mm, supply 9-15Vdc. 
Kit Order Code: 8157KT - £49.95 
Assembled Order Code: AS8157 - £54.95 
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Computer Temperature Data Logger 
Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
— 200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 
Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £4.95 each 


Remote Control Via GSM Mo- 
bile Phone 

Place next to a mobile phone (not 
included). Allows toggle or auto- 2 
timer control of 3A mains rated! 
output relay from any location 
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(Up to 0.5Kg gross weight): UK Standard 3-7 Day Visa | 
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4-Ch DTMF Telephone Relay Switcher 
Call your phone num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- e 

sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 

Assembled Order Code: AS3140 - £94.95 


8-Ch Serial Port Isolated I/O Relay Module 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 

in a variety of control and e 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Includes plastic case 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 

Assembled Order Code: AS3108 - £89.95 


Infrared RC 12—Channel Relay Board 
Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 

Kit Order Code: 3142KT - £64.95 

Assembled Order Code: AS3142 - £74.95 


Audio DTMF Decoder and Display 


. Detect DTMF tones from 
tape recorders, receivers, 
two-way radios, etc using 
the built-in mic or direct 
from the phone line. Char- 
acters are displayed ona 
16 character display as they are received and 
up to 32 numbers can be displayed by scroll- 
ing the display. All data written to the LCD is 
also sent to a serial output for connection to a 
computer. Supply: 9-12V DC (Order Code 
PSU375). Main PCB: 55x95mm. 

Kit Order Code: 3153KT - £37.95 

Assembled Order Code: AS3153 - £49.95 


3x5Amp RGB LED Controller with RS232 
3 independent high power fee" 245) 
channels. Preprogrammed 
or user-editable light se- 
quences. Standalone op- 
tion and 2-wire serial inter- 
face for microcontroller or 
PC communication with simple command set. 
Suitable for common anode RGB LED strips, 
LEDs and incandescent bulbs. 56 x 39 x 
20mm. 12A total max. Supply: 12Vdc. 

Kit Order Code: 8191KT - £29.95 

Assembled Order Code: AS8191 - £39.95 


Hot New Products! 


Here are a few of the most recent products 
added to our range. See website or join our 
email Newsletter for all the latest news. 


4-Channel Serial Port Temperature 
Monitor & Controller Relay Board 

4 channel computer 

serial port tempera- 

ture monitor and 

relay controller. 

Four inputs for 

Dallas DS18S20 or 

DS18B20 digital 

thermometer sensors (£3.95 each). Four 
5A rated relay outputs are independent of 
sensor channels allowing flexibility to setup 
the linkage in any way you choose. Simple 
text string commands for reading tempera- 
ture and relay control via RS232 using a 
comms program like Windows HyperT ermi- 
nal or our free Windows application. 

Kit Order Code: 3190KT - £84.95 
Assembled Order Code: AS3190 - £99.95 


40 Second Message Recorder 

Feature packed non- 

volatile 40 second mul- 

ti-message sound re- 

corder module using a 

high quality Winbond 

sound recorder IC. 

Standalone operation using just six 
onboard buttons or use onboard SPI inter- 
face. Record using built-in microphone or 
external line in. 8-24Vdc powered. Change 
a resistor for different recording dura- 
tion/sound quality. Sampling frequency 4- 
12 kHz. (120 second version also available) 
Kit Order Code: 3188KT - £29.95 
Assembled Order Code: AS3188 - £37.95 


Bipolar Stepper Motor Chopper Driver 
Get better performance from your stepper 
motors with this dual full 

bridge motor driver based 

on SGS Thompson chips 

L297 & L298. Motor cur- 

rent for each phase set 

using on-board potentiom- 

eter. Rated to handle 

motor winding currents up to 2 Amps per 
phase. Operates on 9-36Vdc supply volt- 
age. Provides all basic motor controls in- 
cluding full or half stepping of bipolar step- 
pers and direction control. Allows multiple 
driver synchronisation. Perfect for desktop 
CNC applications. 

Kit Order Code: 3187KT - £39.95 
Assembled Order Code: AS3187 - £49.95 


Video Signal Cleaner 

Digitally cleans the video 

signal and removes un- 

wanted distortion in video 

signal. In addition it stabi- 

lises picture quality and 

luminance fluctuations. 

You will also benefit from 

improved picture quality on LCD monitors 
or projectors. 

Kit Order Code: K8036 - £24.70 
Assembled Order Code: VM106 - £36.53 


Motor Speed Controllers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


DC Motor Speed Controller (100V/7.5A) 
Control the speed of 

almost any common DC § 
motor rated up to 
100V/7.5A. Pulse width 
modulation output for 
maximum motor torque 
at all speeds. Supply: 5-15Vdc. Box supplied. 
Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £19.95 

Assembled Order Code: AS3067 - £27.95 


Bidirectional DC Motor Spee 
Control the speed of 

most common DC 
motors (rated up to 
32Vdc/10A) in both the 
forward and reverse 
direction. The range of 
control is from fully OFF to fully ON in both 
directions. The direction and speed are con- 
trolled using a single potentiometer. Screw 
terminal block for connections. 

Kit Order Code: 3166Vv2KT - £23.95 
Assembled Order Code: AS3166v2 - £33.95 


lal 

Drives any 5-35Vdc 5, 6 
or 8-lead unipolar stepper 
motor rated up to 6 Amps. 
Provides speed and direc- 
tion control. Operates in stand-alone or PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £17.95 


Assembled Order Code: AS3179 - £24.95 


Drive any 5-50Vdc, 5 Amp i 
bi-polar stepper motor using F 
externally supplied 5V lev- 
els for STEP and DIREC- 
TION control. Opto-isolated s 
inputs make it ideal for CNC applications 
using a PC running suitable software. Board 
supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 


AC Motor Speed Controller (600 
Reliable and simple to 

install project that allows 

you to adjust the speed of 

an electric drill or 230V AC 

single phase induction 

motor rated up to 600 

Watts. Simply turn the potentiometer to adjust 
the motors RPM. PCB: 48x65mm. Not suita- 
ble for use with brushless AC motors. 

Kit Order Code: 1074KT - £15.95 

Assembled Order Code: AS1074 - £23.95 
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QUASAR 


The Electronic Kit Specialists Since 1993 — * 


Electronic Project Labs 


Great introduction to the world of electron- 
ics. Ideal gift for budding electronics expert! 


130-in-1 Electronic Project 
Get started on the 

road to a great 
hobby or career in 
electronics. Con- 
tains all the parts 
and instructions to 
assemble 130 educational and fun experi- 
ments and circuits. Build a radio, AM broad- 
cast station, electronic organ, kitchen timer, 
logic circuits and more. Built-in speaker, 7- 
segment LED display, two integrated circuits 
and rotary controls. Manual has individual 
circuit explanations, schematic and connec- 
tion diagrams. Requires 6 x AA batteries (not 
included). Suitable for age 14+. 

Order Code EPL130 - £55.95 


Tools & Test Equipment 
We stock an extensive range of soldering 
tools, test equipment, power supplies, 
inverters & much more - please visit web- 
site to see our full range of products. 


Advanced Personal Scope 2 x 2 
Features 2 input chan- 
nels - high contrast LCD 
with white backlight - full 
auto set-up for volt/div 
and time/div - recorder 
roll mode, up to 170h per 
screen - trigger mode: X 

run - normal - once - roll ... - adjustable trig- 
ger level and slope and much more. 

Order Code: APS230 - £374-95-£2 


Designed by electronics enthusiasts for elec- 
tronics enthusiasts! Powerful, 
compact and USB connectivity, 
this sums up the features of this 
oscilloscope. = 
40 MHz sampling rate, 12 MHz 
analog bandwith, 0.1 mV sensitivity, 5mV to 
20V/div in 12 steps, 50ns to 1 hour/div time 
base in 34 steps, ultra fast full auto set up 
option, adjustable trigger level, X and Y posi- 
tion signal shift, DVM readout and more... 
Order Code: HPS50 - £289.96-£ 7 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 
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J ob Description: Trainee Technical Manager (Calibration) 


Measure N t 
Acoustics Noise and Vibration Limited, trading as ANV Measurement Systems, is the UK distributor for Rion Sound and Vibration. Rion are ihe 
world’s second largest manufacturer of sound and vibration instruments. ANV Measurement Systems is a leading supplier of acoustic and vibration 
instruments and associated services in the UK. 


Acoustics Noise and Vibration Limited has two UKAS accredited Labs (ANV Measurement Systems 7623 and AV Calibration 0653). 


Acoustics Noise and Vibration Limited are looking to appoint a Trainee Technical Manager with the view to them becoming the Technical Manager 
for the two labs once sufficient training has been received and experience gained. Itis anticipated that, with internal and external training and plenty 
of hands-on experience in our two busy labs, the right person will be ready to become Technical Manager in perhaps two years. 

The Technical Manager is responsible for: 


The ail aes operations of the organisation’s calibration laboratories and the provision of necessary resources, both in terms of equipment and 
personnel. 


Ensuring that staff involved in testing are adequately trained. 

Ensuring the validity of test and calibration methods. 

Periodically reviewing the operation of the Quality Management System. 

Ensuring the implementation, maintenance and improvement of the management system. 


Whilst training for this role the Trainee Technical Manager would be required to: 
Develop an understanding of the requirements of BS EN ISO 17025; 


Develop an understanding and carry out calibrations in accordance with BS EN ISO 61672:3, Annexe of B 
acoustic and vibration instrumentation standards; 


Develop and understanding of M3003 and the Guide to Uncertainty of Measurement; whilst 
Carrying out a significant number of calibrations on a day-to-day basis. 


Calibration Laboratory life is not for everyone. To embrace this role you would need:- : 
Education to degree level or equivalent in acoustics/vibration or electronics or a related/similar disc 
A genuine enthusiasm for measurement and instrumentation; 

An appreciation of the importance of accuracy and detail in scientific and technical pursuits; 

The ability to work on your own without supervision (although help will always be on hand). 


We can offer: 
a salary commensurate with your age and experience; 
the opportunity to develop skills and experience of acoustic and vibration calibration; 


a progressive and friendly working environment (our laboratories are committed to continuous imp! 
25 days annual holiday. 


If you have any questions or would like to apply please contact Kiran Mistry, Calibration Manager, 01908 642846, kmistry@ anv.uk.com. 
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“USB PIC Programmer 
A PICKit™2 Development Programmer. 
Features on board sockets for many types 
of PIC® ycontrollers. Also provided is an 
ICSP connector, to program your ‘ 
onboard device. USB Powered. 
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A High Quality Large Breadboard with binding posts, a 
140 piece Jump Wire Kit and 6 Component Packs with 


over 1100 components. Quote: EPEBCS 
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Precision frequency standard 

I want to highlight a couple of fascinating and very different projects for 
you this month. First is a real treat for all you precision electronics fans. 
We're offering you a chance to build a super-precise (if anything that is an 
understatement) frequency-measuring instrument using a second-hand 
rubidium standard. It did occur to me that we might be taking a bit of a 

risk with this project, since we cannot guarantee the supply of a second- 
hand component — you can of course buy new, but then the price shoots up 
painfully. However, checking eBay as we go to press I can see there is plenty 
of choice in terms of condition, price and location. So, even if you cannot 
find what you want straightaway, please be patient and I am sure the right 
device will present itself. This project is a lot of fun and I hope many of you 
enjoy constructing it. 


Keeping RS-232C devices alive! 

We all have them — perfectly good devices with a 9-pin D plug. But what 
do you do when faced with a modern computer that only recognises 
USB connectors? Well, it turns out that an RS-232C-to-USB convertor 

is a straightforward and satisfying project, so why not give your legacy 
accessories a new lease of life with our USB/RS-232C interface. 


RIP Mr Laser 

I must confess I had never heard of Charles Townes until I read a recent 
obituary of him. He died in January at the grand age of 99 and shared the 
1964 Nobel prize for physics — won for his work developing practical 
microwave-emitting devices, called masers, and then the light-emitting 
version — the now-ubiquitous laser. These transformed electronics, 
communications, medicine, astronomy, warfare and even daily life in the 
home and at work. It is hard to imagine our world without lasers — from disk 
readers and barcode scanners to the light emitters that drive signals down 
Internet optical fibre — we would be stuck in a 1960s-style information slow 
lane without Charles Townes’s laser. 
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A roundup of the latest Everyday 
News from the world of 
electronics 


Internet ignorance - report by Barry Fox 


resident Obama wants new laws 
to compel any hacked website to 
notify all subscribers within 30 days. 


Hack notification 

When Sony’s PlayStation network 
was first hacked in 2011 and 77 
million accounts were compro- 
mised, Sony notified subscribers 
and forced them to change their PS 
passwords. Other hacked sites have 
been less responsible. 

Compulsion to notify will be 
worthless without better risk educa- 
tion. Many subscribers use the same 
password for several sites, to avoid a 
huge collection of different words to 
remember. So these other site pass- 
words should also be changed. 


Hacker strategy 

The hackers may not immediately 
use the stolen data. They will store 
and sell it on. So it may be months or 
years before a user’s other accounts 
are accessed, for instance to steal 
banking details or send spoof emails 
like: ‘I am stranded and urgently 
need money’, or to mount Denial of 
Service attacks where ‘innocent’ PCs 
are hijacked and used to shut down 
a corporate or government website 
by flooding it with traffic. 


Educating users 
There is also a shocking lack of edu- 
cation on the need to use anti-virus/ 
malware protection on any device 
with semi-permanent storage, espe- 
cially PCs with hard discs. Hackers 
can hold innocents to ransom by 
remotely infecting an unprotected 
PC (for instance through click links 
buried in emails) and then encrypt- 
ing the hard disk until a fee is paid 
to unlock it. 

PCs are now sold like toys, with 
no security software or software 
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that needs enabling, updating and 
then paying for after a few months 
free trial. As I found out from some 
recent review tests, even the com- 
panies selling security software 
don’t make it easy for PC owners to 
protect themselves. 


Symantec vs Bit Defender 
Symantec has led the market with 
Norton Internet Security, so I tried 
the rival Bit Defender. Making the 
change is a time-consuming one- 
way street because BD requires 
that all other protection must be re- 
moved, and this involves multiple 
re-boots. There is no going back. 

Novice users are confronted with a 
bewildering choice between differ- 
ent purchase options — Bit Defender 
Antivirus Plus, Internet Security 
and Total Security — see: www.bit- 
defender.co.uk 

I asked Bit Defender, why not give 
customers a simple proposition? 
What I got back in reply was just a 
detailed list of features. 

I also told Bit Defender in detail 
about a technical problem; after a 
Bit Defender installation, Internet 
Explorer (Ver 11, with Windows 8) 
kept failing to find the home page 
(Google) and giving ‘about:blank’ 
error messages. The normal Internet 
options procedure for re-setting the 
home start page repeatedly failed. 
Bit Defender’s web Support Centre, 
acknowledges the problem. 

What I got back from Bit Defender 
on my problem report was a request 
for ‘more details regarding the 
‘about: blank’ message.’ 


Don’t companies read their 
own websites? 

There is an equally shocking lack of 
education on the need to back up 
the overall working state of a PC, 


and stored data. I have always rec- 
ommended Acronis True Image for 
automating PC backups to a separate 
hard disc. But the Acronis website 
has for several years acknowledged 
the problem that the software can 
stop a PC shutting down for many 
hours, with the unhelpful message 
‘Operations are in progress, please 
wait. The machine will be turned 
off automatically after the opera- 
tions are complete’, see: https://fo- 
rum.acronis.com/forum/65516 

As I recently found out the hard 
way, forcing a shut-down — even after 
a day of waiting — can corrupt Win- 
dows and stop the PC re-starting. 

Fortunately, I had an Acronis 
backup. Unfortunately, this proved 
to be useless because there was one 
bad backup in the middle of a long 
incremental chain. 


Hard-won top tips 

So here are three tips, regardless of 

what backup software you use. 

1.Do not rely on long chains of 
incrementals; force regular full 
backups. 

. Occasionally test them by delet- 
ing an expendable file and then 
trying to recover it from your lat- 
est backup. 

. Keep backups on separate drives 
and ideally at separate locations 
to guard against theft, fire or 
flood. 


i) 


ise) 
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Building US electric vehicle infrastructure 


{ PORTLAND 


the BMW i3 and VW e-Golf, 


More than 280,000 electric 
vehicles have been sold 
in the U.S." 


wo automakers, 


leading 

Volkswagen of America and 
BMW of North America, together 
with ChargePoint, the largest electric 


vehicle charging network, have 
announced an initiative to create 
express charging corridors along 
busy routes on the US East and West 
Coasts. Designed to increase the 
number of fast charging locations, the 
initiative will help meet the growing 
demand for publicly available electric 
vehicle fast chargers, including direct 
current (DC) Fast charging locations, 
and support the adoption of electric 
vehicles in the United States. In the 
initial phase, the aim is to install 
nearly 100 DC Fast chargers across 
both coasts, with plans to expand 
the program to increase access to fast 
charging across the country. These 
newly installed DC Fast chargers will 
be added to the growing ChargePoint 
network of more than 20,000 charging 
spots in North America. 


Meeting demand 

With more than 280,000 electric ve- 
hicles (EV) sold in the United States, 
EV owners need more charging 


» 


A fully-charged 

battery can 
deliver more than 
80 miles of range’ for 


(| Boston | 


Many electric vehicles can 
charge up to 80% in as little 


The average driver { 
in the U.S. travels 


miles per day.” 


flexibility while on the go. The ex- 
press charging corridors will provide 
electric vehicle drivers access to DC 
Fast chargers along the most heav- 
ily populated and highly-trafficked 
regions on Interstate 95 on the east 
coast, from Boston to Washington DC, 
and on the west coast covering and 
connecting the metropolitan areas of 
Portland, San Francisco, Los Ange- 
les, and San Diego. Installations will 
occur within and between relevant 
metro areas, strategically-spaced at a 
maximum of 50 miles apart. 


Fast charge 

Each fast charging location is ex- 
pected to include up to two 50kW DC 
fast chargers, or 24kW DC combo fast 
chargers with the SAE Combo con- 
nector, used in both BMW and Volk- 
swagen electric vehicles as well as 
many other electric vehicles that in- 
corporate a DC Fast charging capabil- 
ity. When charging at a 50kW station, 
both the BMW i3 and the Volkswagen 
e-Golf can charge up to 80 per cent in 
20 minutes. Both vehicles can also 
charge up to 80 percent in 30 minutes 
at a 24kW station. 


Graphene supercaps 
University 


own State 
researchers have discovered 


a new way to absorb atmospheric 
carbon dioxide that’s causing the 
greenhouse effect and use it to make 
an advanced, high-value material 
for use in energy storage products. 
This innovation in nanotechnology 
won't soak up enough carbon to 
solve global warming — but it will 
provide an environmentally friendly, 
low-cost way to make nanoporous 
graphene for use in ‘supercapacitors’. 

Supercapacitors are energy storage 
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devices that can be recharged faster 
than a battery and have a great deal 
more power. Hence, they’re used 
where rapid power storage and short, 
powerful energy release are needed. 
Using this new production tech- 
nique the end result is a a pure form 
of carbon that’s remarkably strong, 
can efficiently conduct heat and elec- 
tricity and which has an enormous 
specific surface area of about 1,900 
square meters per gram of material. 
Because of that, it has an electrical 
conductivity at least 10 times higher 
than the activated carbon now used 
to make commercial supercapacitors. 


OpenPi launched 
on Kickstarter 


ottingham-based manufacturer 

‘wireless things’ has announced 
the Kickstarter launch of its latest 
product ‘OpenPi’. 

OpenPi is a tiny wireless computer 
for innovators, makers and coders 
which has a Raspberry Pi Compute 
board at its heart. The wireless 32-bit 
ARM-based computer is a tool to help 
people who create software to proto- 
type hardware, carry out customer 
trials and undertake small-scale 
manufacture. It is aimed at develop- 
ers of wearable technology, the Inter- 
net of Things (IoT) and Smart Cities. 
Although it shares many similarities 
to the Pi, it also includes an on-board 
real-time clock and temperature sen- 
sor to give added functionality, and 
it is instantly usable thanks to a pre- 
loaded Linux operating system. 

Further details are available at the 
wireless things website: 
http://wirelessthings.net/openpi 


Re-writable paper 
Avs to some surveys, 90 

percent of all information in 
businesses today is retained on 
paper, even though the bulk of this 
printed paper is discarded after just 
one-time use. 

Such a waste of paper (and ink car- 
tridges) not to mention the accompa- 
nying environmental problems such 
as deforestation and chemical pollu- 
tion to air, water and land could be 
curtailed if the paper were ‘rewrit- 
able’ — capable of being written on 
and erased multiple times. 

Chemists at University of Califor- 
nia, Riverside have now fabricated 
a novel rewritable paper based on 
the colour switching property of 
commercial chemicals called redox 
dyes. The dye forms the imaging 
layer of the paper. 

Printing is achieved by using ultra- 
violet light to photobleach the dye, 
except the portions that constitute 
the text on the paper. The new rewrit- 
able paper can be erased and written 
on more than 20 times without sig- 
nificant loss in contrast or resolution. 
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Intelligent Design 


Starts with Intelligent Analog PIC® Microcontrollers 


INTELLIGENT 


A N A 


Analog design is difficult and consumes precious development time. 

Microchip’s intelligent PIC® MCUs integrate analog functions such 

as high performance Analog-to-Digital Converters, Digital-to-Analog 

Converters and Op Amps providing simple-to-use interfaces that ease 

analog design. A single-chip solution enables reduced system noise 

and provides higher throughput, while dramatically reducing design j Mi 

time and cost. mw ONCROCHip | 


Applications 
Environmental quality sensors Lighting 
Portable medical equipment Power measurement 
Industrial equipment and monitoring 
Power conversion Energy harvesting equipment 
Efficient motor control Solar inverters 


microchip xX MICROCHIP 
RECT 


microchip.com/intelligentanalog 


The Microchip name and logo, the Microchip logo and PIC are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks are the 
property of their registered owners. © 2014 Microchip Technology Inc. All rights reserved. DS00001743A. MEC0003Eng07.14 


For laboratory-standard 
frequency measurements... 


Constructional 


How would you like to have a precision rubidium frequency 
standard on your workbench to enable you to make laboratory- 
standard frequency measurements? It’s now possible, and for a 
very low price — just buy a used Rb-vapour frequency standard 
on-line and build a simple power supply and buffer circuit. 


| Ml ee rubidium-vapour frequency 
standards are available via eBay 
from suppliers in China and elsewhere 
for very low prices. But how easy is 
it to get one of these devices going 
again? This article explains what 
was involved when I tried to get one 
up and running (it was really quite 
straightforward). 

When researching this project- 
article, I discovered that quite a few 
ex-telecom Rb standards were being 
offered on eBay at very attractive 
prices — anywhere between $US99 
and $US250 (plus shipping). So, Itook 
the plunge and ordered one. It arrived 
a couple of weeks later and I began 
planning how to bring it back to life. 

The unit I acquired was an FE-5680A 
(see photo), originally made by US firm 
Frequency Electronics Inc. This seems 
to be one of the most common ‘retired’ 
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Rb-vapour standards currently on offer, 
although if you search on eBay and 
elsewhere you'll also find others like 
the LPRO-101 from Symmetricom/ 
Datum/Ball/Efratom. 

I should mention that although 
you'll find quite a few FE-5680A stand- 
ards on offer, they’re not all the same 
(even those that look almost identical). 
In fact, the model name ‘FE-5680A’ 
seems to have been used fora plethora 
of Rb-vapour frequency standards. 

The many versions offer different 
options, such as: (1) the output fre- 
quency (10MHz, 2.048MHz, 5MHz, 
10.23MHz, 13MHz, 15MHz or adjust- 
able between 1Hz and 20MHz); (2) 
whether the RF output is a sinewave or 
a square wave; (3) whether or not the 
RF output is brought out via a separate 
SMA connector or simply viaa pin on 
the unit’s main DE-9 connector; and 


(4) whether or not it can be controlled 
remotely via a built-in RS232C serial 
interface. 

Further options specify the required 
power supply voltage(s), whether or 
not it can be fine-tuned via an analogue 
tuning voltage (0-10V) and the polarity 
of the ‘locked to rubidium’ logic output 
signal (ie, LOCK or LOCK). 

So, you need to be cautious in se- 
lecting an FE-5680A from those being 
offered. If you intend using it as a fre- 
quency and time standard, choose one 
that’s advertised as having a 10MHz 
sinewave output (available from either 
pin 7 on the DE-9 connector or from a 
separate SMA connector), can be con- 
trolled remotely via an RS-232C serial 
interface, has a LOCK output (on pin 3 
of the DE-9 connector) and needs both 
+15-18V and +5V supplies (this is the 
version I bought). 
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Constructional 


Step 1: collecting info 

Although the FE-5680A I bought had a 
small label on the top of the case show- 
ing the main DE-9 pin connections and 
the supply voltages, it didn’t identify 
all the pins and their functions. So be- 
fore attempting to fire it up, I decided 
to collect as much information on the 
FE-5680A series as I could. 

A quick search on the Internet soon 
turned up quite a lot of useful informa- 
tion. Most of this came from the links 
shown in the ‘Handy Links’ panel at 
the end of this article — so I suggest you 
go to these first to save time. The Time 
Nuts mailing list archive is particularly 
informative, not just regarding the FE- 
5680A, but for all kinds of stuff on time 
and frequency standards and their use. 

Most of the important information 
on the FE-5680A is summarised in 
Fig.1. Armed with this data, I was then 
able to knock up a suitable power sup- 
ply on a breadboard. This comprised 
a surplus 18V/2.5A laptop PC power 
supply to provide the main 15-18V 
rail, plus a simple 3-terminal regula- 
tor to derive a +5V logic supply rail. 

At that stage, I was simply going to 
power up the FE-5680A, so I didn’t 
provide anything else as I thought I’d 
be able to do all of the initial checking 
with a digital multimeter, digital scope 
and a frequency counter. 


Step 2: applying power 

When you first apply power to arubidi- 
um-vapour standard like the FE-5680A, 
it draws a fairly substantial current 
from the main 18V supply (about 1.8A). 
That’s because it has to ‘warm up’ eve- 
rything inside the ‘physics package’. 
It’s only after the electronic circuitry 
has been able to achieve frequency 
lock (to the frequency corresponding to 
the energy difference between the two 
‘hyperfine split ground state’ levels of 
the rubidium atoms in the resonance 
cell) that the current begins dropping 
down to its ‘running locked’ level of 
600-900mA. This usually takes no more 
than about five minutes. 

During this time, the current drain 
stays relatively high until locking is 
achieved, and if you monitor the RF 
output (at pin 7 on the DE-9M con- 
nector) with a counter, you’ll find 
that it swings up above 10MHz and 
then swings down below this again. 
Generally, it repeats this up-and-down 
sweeping a number of times, as the 
electronics ‘searches’ for the small dip 
in the photodetector’s output, which 
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FE-5680A Series Rubidium Frequency Standard — Basic Information 
DE-9M Connector Pinouts (as viewed from front): 


LOCK (High = unlocked) 


GROUND 
(+15-18V return) 


+15-18V SUPPLY 
(1.8A peak for cold start, 
600-800mA after locking) 


1PPS OUTPUT 
(Ips pulse, only after locking) 


10MHz OUTPUT: 
(~1Vpp into 50Q) 
Basic Specification: 


Output Frequency: 
Waveform: 
Minimum amplitude: 


Adjustment Resolution: 
Short Term Stability: 


10MHz 
sinusoidal 


0.5V RMS into 502 
<1 x 10" over range of 3.8 x 10° 
1.4x 10"'' (1 - 100 seconds) 


+5V LOGIC SUPPLY 
(drain typically 80mA) 


GROUND 
(signal ground) 


RS232C TxD OUTPUT 
(sends responses to PC) 


RS232C RxD INPUT 


(receives commands from PC) 


Drift: 2x10” per year, 2 x 10” per day 


Phase Noise: 

Input Voltage Sensitivity: 
Frequency vs Temp: 
Spurious Outputs: 
Harmonics: 

Warm-up Time: 


-60dBc 
-30dBe 


RS232C Serial Commands & Responses from the FE-5680A 


COMMAND FORMAT (hex) 


-100dBe @ 10Hz; -125dBc @ 100Hz; -1 45dBc @ 1000Hz 
2x10"' (15V-16V) 
+3 x 107° (-5°C - 50°C) 


<5 minutes to lock, at 25°C 


(9600 bps, 8N1, no handshaking) 
RESPONSE BY FE-5680A 


Request current Frequency Offset 2D 09 00 24 aa bb cc dd <dcsm>* 


Change temporarily to a new 
Frequency Offset 


2C 09 00 25 aa bb ce dd <desm> 


Change Frequency Offset to 
new value, Save in EEPROM 


(Temporarily changes Frequency 
Offset to [aa bb cc dd] hex) 


(Changes Frequency Offset to 
[aa bb ce dd] hex, saves in memory) 


* <dcesm> = ExOR (bitwise) checksum of all four preceeding hex data bytes [aa, bb, cc, dd] 


Fig.1: here are the pin connections, the main specifications and the RS232C 
commands for the FE-5680A series of rubidium frequency standards. 


corresponds to rubidium 
resonance. Then, when 
the dip is found, the out- 
put frequency is ‘locked 
to rubidium’ — ie, very 
close to 10.000000MHz. 

The internal logic also 
pulls down the volt- 
age level of the LOCK 
output (pin 3 of the DE- 
9M connector), while a 
1us-wide output pulse 
appears at the 1pps out- 
put (pin 6) once every 


second. But neither of Used FE-5680A Rb-vapour standards are available on 
these happens unless a eBay from China for less than £100 including postage. 


lock has been achieved. 

When I first applied power to my FE- 
5680A, I was monitoring the current 
drawn by pin 1 of the DE-9M connector 
with one DMM and the voltage at pin 3 
with another DMM. Sure enough, the 
current drain started off at about 1.85A 
and then began dropping — slowly at 
first and then somewhat more rapidly 


until it nudged below 800mA. This 
took about seven minutes, but as the 
unit probably hadn’t been powered 
up for a few months I wasn’t unduly 
concerned about the time it had taken. 

What did concern me though, was 
that the voltage monitored at pin 3 
(LOCK) remained high at about +4.9V, 
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These photos show the ‘works’ inside an FE-5680A rubidium standard with its mu- 
metal case removed. The upper shot is a top view, with the physics package and its 
shock-protective foam at the top. The quartz oscillator crystal is at lower right, with 
a silver-coloured thermistor above it. To its left is the small trimcap (C217), used 
to correct for long-term drift. The lower shot shows the underside of the assembly, 
with the underside of the physics package at bottom centre. 


showing that the FE-5680A still hadn’t 
locked. There were no 1pps pulses ap- 
pearing at pin 6 either — another sign 
that it hadn’t locked. 

The ‘clincher’ came when I started 
to monitor the FE-5680A’s RF output 
(pin 7) with my counter. It was still 
sweeping up and down between about 
9,999,790Hz and 10,000,065Hz, every 
10-15 seconds or so. Clearly it was go- 
ing through the motions of searching 
for a lock, but for some reason never 
finding it. 

I left it searching this way for an 
hour or so, in case it was especially 
slow on the uptake. However, when 
it still hadn’t achieved a lock after 
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two hours, I turned off the power and 
went back to the Time Nuts archive 
and KO4BB’s FAQs, looking for clues 
on how to tackle an FE-5680A that 
wouldn't lock. 

One clue I found was that if an 
FE-5680A wouldn’t lock, it could be 
because the internal crystal oscillator 
had ‘drifted’ a bit in frequency. This 
could be enough to prevent the ‘search- 
ing for a lock’ sweeping operation from 
swinging sufficiently either side of the 
lock frequency (ie, above and below 
10MHz). The solution was to open 
the unit up and adjust a small trimmer 
capacitor near the crystal (C217), to 
correct for the drift. 


However, I was dubious as to wheth- 
er this was the cause of my particular 
unit’s problem, because it did seem to 
be sweeping above and below 10MHz 
by a comfortable margin. So I signed 
up to the Time Nuts mailing list/forum 
and posted a request for any further 
information that might be forthcoming 
from the experts. 

There were a few further suggestions, 
but when I tried these out my unit still 
refused to lock. As a result, I removed 
the two halves of the FE-5680A’s mu- 
metal case to reveal its ‘works’. It was 
then just a matter of finding trimmer 
C217, giving it a small nudge (clock- 
wise at first, because there was no 
hint as to which would be the correct 
direction), then screwing on the two 
case halves again and testing to see 
whether it would now lock. 

It still wouldn’t lock, and when I 
subsequently used a counter to check 
the maximum and minimum frequen- 
cies while it was searching, these didn’t 
seem to be all that different. So perhaps 
Thad picked the wrong direction for my 
initial nudge of C217? There was noth- 
ing for it but to open it up again and 
try giving C217 a slightly larger nudge, 
this time in an anticlockwise direction. 

It still refused to lock so I repeated 
this process a few more times but still 
without success. Then, deciding that 
the problem must be due to something 
else, like a worn-out rubidium lamp or 
a broken photodetector, I began looking 
around inside the unit and checked a 
few voltages and signal frequencies. 

By this stage I had discovered a par- 
tial schematic for the FE-5680A, which 
can be downloaded from the last link in 
the Handy Links panel. However, this 
didn’t turn out to be very helpful when 
it came to this particular problem, 
because it doesn’t include any details 
of what’s inside the ‘physics package’ 
— like the lamp or photodetector. 

I was getting nowhere, so I contacted 
the eBay vendor I’d bought it from and 
he offered to replace the unit. I duly 
sent it back and the replacement unit 
turned up a few weeks later. 

When it was unpacked, it appeared 
to be identical to the first unit, apart 
from having a different serial number. 
I connected it up as before, monitor- 
ing the current from the +18V supply 
and the voltage at the LOCK pin using 
two DMMs. As before, I also used 
my counter to monitor the output 
frequency as it searched for a lock 
after switch-on. 
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What happened then was exactly 
the same as with the first unit. The 
scope showed that there were no 
pulses from the 1pps output and the 
counter showed that the RF output was 
just sweeping back and forth through 
10MHz, without showing any signs of 
a lock. This continued despite leaving 
it on for another hour or so. 

By the way, I had previously read that 
rubidium standards like the FE-5680A 
should not be allowed to run for very 
long without using a cooling fan, so I 
had pulled a small 12V fan from the 
junk box and rigged it up to keep the 
unit from getting too hot. 


A lucky breakthrough 

I went back to scouring the various 
reference sources, to see ifI could find 
the answer. And after a while I found 
a note that the physics package in ru- 
bidium standards was quite sensitive 
to external magnetic fields — that’s 
the reason for housing them inside a 
mu-metal enclosure, after all. I then 
wondered if the difference between 
the Earth’s magnetic field in Sydney 
and Quangzhou might be just enough 
to result in a ‘failure to lock’ — despite 
the mu-metal enclosure or perhaps 
because the enclosure had somehow 
become magnetised. 

It occurred to me that one way to test 
this theory might be to turn the ‘new’ 
FE-5680A upside down, to roughly 
reverse the direction of the Earth’s 
field around it. So I turned it off, let 
it cool down, turned it upside down 
and then turned the power on again. 

Bingo! Within about three minutes, it 
found a lock and stayed locked for an- 
other few hours while I left it on to make 
sure. The voltage at the LOCK output 
(pin 3) stayed down at about +0.35V, 
while the scope showed 11s-wide 1pps 
pulses coming from pin 6. What’s more, 
the counter remained steady at a read- 
ing very close to 10MHz, even when 
I changed to longer and longer gating 
times to achieve maximum resolution. 

Only when I went to a 1000-second 
gating time did I see that the FE-5680A’s 
output frequency was a whisker below 
10MHz: 9,999,999.992Hz, in fact. 

At that stage, I hadn’t made any 
attempt to adjust the ‘offset’ by send- 
ing commands to it from a PC via the 
RS232C serial port. So the unit was 
still running with whatever offset 
figure had been stored in its EPROM 
way-back-when. Small wonder that 
it was locking to a frequency of ‘not- 
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Fig.4: once the FE-5680A has ‘locked to rubidium’, it provides one of these 950ns- 
wide ipps output pulses each second. 


quite’ 10MHz but just 0.008Hz (eight 
milliHertz!) short of it. 

By the way, the exact resonant fre- 
quency of the resonance cavity inside 
every rubidium-vapour reference 
depends on many parameters, some 
of them quite subtle. That’s why they 
need to be programmable in terms of 
the ‘offset’ that needs to be applied to 
their internal frequency synthesiser, 
to bring their locked output frequency 
to the correct figure. This offset pro- 
grammability also allows them to be 
recalibrated from time to time, to cor- 
rect for any long-term drift. 

It even allows them to be ‘locked’ 
to the GPS system, by comparing the 
timing of their 1pps pulses with those 
from a GPS receiver, but more about 
this later. 


Another surprise 

So why did the FE-5680A have to be 
turned upside down to achieve the 
lock? I could only guess that it was 
because of the slightly different flux 
density and orientation of the Earth’s 
magnetic field at my house. 

To check this theory, I turned the 
power off and let it cool down again. 
I then returned it to the right-side-up 
orientation and reapplied power. Much 
to my surprise, it quickly achieved a 
lock, this time in about two minutes 
and 25 seconds. And when I repeated 
this test a few more times, the same 
thing happened! 

Somehow, whatever had initially 
prevented it from achieving a lock 
when it was the right way up had fixed 
itself and the unit was now able to lock 
reliably, regardless of its orientation. 


Building a test rig 

It was now time to set the FE-5680A up 
as a working frequency and time refer- 
ence. The first step was to build a test 
rig using some pieces of 4mm-thick 
sheet aluminium (see photo). There’s 
a bottom plate to act as a heatsink for 
the FE-5680A, plus a back-plate to 
support the 12V fan and a small ‘break- 
out board’ for the power supply, lock 
indication and interfacing circuitry. 
There’s also a smaller front-plate to 
support a DE-9F serial port connector, 
plus BNC sockets for the 10MHz and 
1pps (one pulse per second) outputs. 
It’s utilitarian, but it works (you could 
also build it into a case). 

The circuit for the complete FE- 
5680A test rig is shown in Fig.2. The 
FE-5680A itself is shown as a blue 
rectangle at centre left and all the 
connections to it are made via DE-9F 
connector CON1. As shown, the TxD 
and RxD connections on pins 8 and 9 
are fed directly through to DE-9F con- 
nector CON4 on the rig’s front panel. 

CON4 is for connecting the test rig 
to a PC. However, PCs and laptops no 
longer have an RS232 interface, I have 
designed an RS232-to-USB Interface 
and that device is described elsewhere 
in this issue. This can not only be used 
with the rubidium frequency standard 
but can be used anywhere a legacy 
instrument with an RS232 interface 
needs to be hooked up to the USB port 
of a current-model PC. 

Getting back to Fig.2, the FE-5680A’s 
10MHz output from pin 7 of CON1 is 
fed directly to CON3, one of two BNC 
output connectors on the front panel. 
The rest of the connections on CON1 
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Fig.2: the circuit for the complete test rig, including the breakout board. A 74HC14 hex Schmitt inverter (IC1a-IC1f) is 
used as an output buffer for the 1pps output from the FE-5680A rubidium standard, while transistor Q1 buffers the LOCK 
output to drive lock indicator LED1. An 18V plugpack supply powers both the FE-5680A and its cooling fan, while Zener 
diode ZD1 and regulator REG1 derive the 5V supply for IC1, Q1 and the logic inside the FE-5680A. 


are taken to the external breakout PCB 
at the back of the test rig. 

As shown, pin 1 is connected to a 
+18V supply rail, which is fed into 
the breakout PCB via CONS (ie, from 
the external +18V plugpack). And pin 
4 is connected to the +5V supply rail 
provided by REG1, a 7805 3-terminal 
voltage regulator, which is fed from the 
plugpack via series zener diode ZD1. 

ZD1 is used to drop the input voltage 
by about 6.8V so that REG1 doesn’t dis- 
sipate too much power. The 12V cool- 
ing fan is powered from the +18V rail 
via a 47Q 5W series dropping resistor. 

There are two ‘signal processing’ 
circuits on the breakout PCB, both 
quite straightforward. One is a simple 
buffer using PNP transistor Q1 to drive 
LED1 as a LOCK indicator. 

As shown, Q1’s base is connected 
to pin 3 of CON1 via a 4.7kQ resis- 
tor, so that the transistor is held off 
whenever the FE-5680A holds its 
LOCK output high. Conversely, when 
it pulls this output low to indicate 
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that it has locked, Q1 turns on and 
LED1 lights. 

The remaining circuitry on the PCB 
involves IC1, a 74HC14 hex Schmitt 
inverter. This is used as a buffer for 
the FE-5680A’s 1pps output which 
appears at pin 6 of CON1 when the 
unit is locked (note: a buffer is needed 
because the FE-5680A’s 1pps output 
has very little drive capability). 

One of the six inverters is used at 
the input to minimise the loading and 
this then drives the five remaining 
Schmitt inverters in parallel to provide 
increased drive capability, while also 
re-inverting the pulses. This double 
inversion inside IC1 does introduce 
a small propagation delay, but this is 
no more than about 40ns, so it doesn’t 
matter. 

The output pulses from IC1b-IC1f 
are fed directly to CON2, the second 
BNC socket on the test rig’s front panel. 

So there it is: a simple test rig which 
can be used to bring a retired FE-5680A 
rubidium-vapour frequency and time 


standard back to life. By making some 
relatively minor changes (eg, to cater 
for different connector pin-outs), it 
could also be used to resurrect other 
rubidium vapour standards. 


Building the breakout PCB 

The breakout circuit is built on a PCB 
coded 04105141 and measuring 102 
x 38.5mm. Fig.3 shows the assembly 
details. 

No particular order need be fol- 
lowed when installing the parts on 
the PCB — just be sure to install the 
polarised parts with the correct ori- 
entation. It’s a good idea to mount the 
5W resistor slightly proud of the PCB, 
to allow the air to circulate beneath it 
for cooling. 

Once the assembly is complete, it 
can be attached to the rear aluminium 
end panel using a couple ofright-angle 
brackets. REG1’s tab is then fastened 
to this panel using an M3 x 10mm 
machine screw, nut and lockwasher, 
to provide heatsinking. The fan is also 
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fitted to this end panel (after making a 
matching cutout) so that it blows air 
across the FE-5680A rubidium stand- 
ard mounted on the base. 

The DE-9F connector and the two 
BNC output sockets go on the front 
plate of the test jig, as stated previously. 


Tuning offset 

As mentioned earlier, even when a 
rubidium-vapour standard like the 
FE-5680A warms up and ‘locks to ru- 
bidium’, its output frequency will not 
be exactly equal to 10MHz. That’s be- 
cause of the many complex parameters 
controlling the resonant frequency 
of the resonance cell — close to the 
theoretical figure of 6.8346826128GHz 
but not exactly so. And the actual 
frequency also drifts very slowly with 
time. Because of this and regardless 
of whether the standard has been 
languishing unused on a shelf or run- 
ning for many months, it’s generally 
necessary to program the standard’s 
internal frequency synthesiser. That’s 
done to bring its output frequency as 
close as possible to the magic figure of 
10,000,000.0000Hz. 

With the FE-5680A and most other 
Rb-vapour standards made in the last 
15 years or so, the internal frequency 
synthesiser is a DDS (direct digital syn- 
thesiser). As previously stated, this is 
programmed by sending an offset num- 
ber to it from a PC via its RS232C port. 

The offset is generally a 32-bit 
binary number, which is sent to the 
standard as a signed 32-bit integer 
(usually as eight hexadecimal digits), 
preceded by a short command. In the 
case of the FE-5680A, there are two 
commands to change the offset — one 
to do so temporarily and the other 
‘permanently’ by saving the new offset 
in its EPROM. 

As shown in the command table 
at the bottom of Fig.1, there’s also 
a third command which allows the 
PC to request the FE-5680A’s current 
offset figure. 

The fact that the offset program- 
ming number is a signed 32-bit integer 
means that the number can have any 
hexadecimal value between 7FFFFFFF 
(= +2,147,483,647), through zero 
(00000000) and down to 80000000 (= 
—2,147,483,647). And since the signifi- 
cance of a single bit of the offset pro- 
gramming number is stated as 1.7854 
x 10°7Hz, this becomes the setting reso- 
lution. In other words, the frequency 
offset can be programmed to any figure 
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Fig.3: install the parts on the breakout PCB as shown here, taking care to ensure 
that all polarised parts are correctly oriented. Note that REG1’s tab must be 
fastened to the metal end panel of the test jig for heatsinking. 


Here’s a closer view of the author’s breakout board, mounted above the cooling fan 
on the rear plate of the test rig. REG1’s mounting tab is screwed to the rear plate 
as well, to provide adequate heatsinking. 


between +383Hz and —383Hz, in incre- 
ments of 1.7854 x 10°”Hz. That’s a pretty 
good method of fine tuning, isn’t it? 

Of course, just how closely you'll 
be able to coax the output frequency 
to the ideal 10.000,000,0000MHz will 
depend mainly on the accuracy and 
resolution of your measurement set- 
up. If you can only measure down to 
0.1Hz, that will be as close as you'll 
be able to go. It’s a good example of 
the old adage that you need a really 
accurate clock to check another really 
accurate clock. 

In my case, I was able to use the 
12-Digit 2.5GHz Frequency Counter 
described in the January and February 
2014 issues of EPE. This can measure 
the frequency with a resolution down 
to 0.001Hz (1mHz) using the internal 


gating ranges and down to 0.0001Hz 
(100pHz) using an additional external 
+10 timebase divider. 

But this is only feasible because I 
also have a source of 1pps timebase 
pulses which have excellent accuracy 
and stability in both the short and long 
term: a Stanford Research Systems 
PRS10 Rubidium Standard. 

By using my 12-digit counter with 
this fancy external timebase set-up, 
I was ready to begin searching for 
the correct offset to program my FE- 
5680A, so that its output would move 
as Close as possible to 10MHz (you 
may recall that when I first got it to 
lock, its frequency turned out to be 
9,999,999.992Hz, ie, 8mHz low). 

I had to do two things before this 
could be done, however. The first 
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job was to make up a USB/RS232C 
interface so that I could hook up the 
FE-5680A to the PC that I was going 
to use, as my PRS10 standard was 
already connected to the PC’s one and 
only legacy RS232C port. That’s one of 
the reasons why I developed the USB/ 
RS232C interface described elsewhere 
in this issue of EPE. 

Once that had been done, I then 
needed a ‘serial terminal’ program that 
would run on Windows XP SP3, com- 
municate via a USB virtual COM port 
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The two BNC 
sockets and the 
DE-9F socket are 
mounted on the 
front end-plate. 
You will need to 
build the USB/ 
RS232C Interface 
described else- 
where in this issue 
to connect it to 
your PC so that the 
tuning offset can 


peaeee a | __ be adjusted. 
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and preferably also allow me to send 
and receive messages in hexadecimal 
to make things easier (hex is a lot easier 
than straight binary). 

After spending quite a bit of time 
downloading and trying out a number 
of freeware terminal programs, I finally 
settled on a program called ‘RS232 
Hex Com Tool v6.01’, written by a firm 
called Virtual Integrated Design (VID). 
A free demo version of this can be 
downloaded from VID’s website (see 
the links panel) but it closes down after 


Frequency Electronics official FE-5680A product page: 
http://www.freqelec.com/rb_osc_fe5680a.html 


KOABE: s FAQ for the FE-5680A Rubidium Frequency Standard: 


Time Nuts mailing list archives: 


http://www.febo.com/pipermail/timenuts/ and also at 


http://www.mail-archive.com/time-nuts@febo.com/info.html 


FE-5680A Series Option 2 Technical and Maintenance Instructions: 


www.ka7oei.com/10_MHz Rubidium_FE-5680A.html 


www.quido_speer.de/Pub/images/Rubidium/5680A_TECH_MANUAL.pdf 


Another good source for info on precise frequency and time: 


http://leapsecond.com/ 


To download a free demo version of RS232 Hex Com Tool v6.0: 


hittp://www.rs232pro.com/ 


To buy and download a full (registered) version of RS232 Hex Com Tool v6.0: 
Either go to http://www.rs232pro.com/ and click on the ‘registered’ link, or go 
directly to https://usd.swreg.org/soft_shop/47653/shopscr6.shtml 


Partial digital schematic (V0.3) of the FE-5680A: 


hitp://www.rhodiatoce.com 
v0.3.pdf 
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RS232 Hex Com Tool v6.01 
File Edit Setup Options Help 


Transmit Hex 


2D 04 00 29 


Receive Hex 


The main window of VID’s RS-232 
Hex Com Tool v6.01, a serial terminal 
application which runs under Windows 
but lets you transmit and receive data in 
hexadecimal - as you can see from the 
characters in the upper Transmit box. It’s 
easy to set up and use to send commands 
to arubidium standard like the FE-5680A. 


about three minutes of operation and 
must be started up again if you want 
to use it for another three minutes — a 
bit irritating. 

After you have used it for a short 
time, you'll probably want to purchase 
the full registered version. This is sold 
online for about $US40, via another 
firm called SWREG Inc (see the links 
panel again). 

About the only thing that this ter- 
minal program doesn’t do for you is 
work out the special ‘exclusive OR 
checksum’ that the FE-5680A needs 
after the data bytes are sent to it in the 
two change offset commands. Still, 
if you’re only sending change offset 
commands with fairly small numbers 
(as we are here), it’s not all that hard 
to work out the checksum yourself. 


Doing it 

At this stage, I was ready to try re- 
programming my FE-5680A with an 
offset which would bring its output fre- 
quency as close as possible to 10MHz. 
First off, I hooked everything up and 
launched the RS232 Hex Com Tool 
program. Then I sent the FE-5680A the 
command to discover its current offset, 
as stored in its EEPROM. As you can 
see from Fig.1, this command is ‘2D 04 
00 29’ and it must be terminated in a 
carriage return (0D hex). 

The FE-5680A immediately re- 
sponded by sending back ‘2D 09 00 24 
00 00 00 00 00’, terminated in another 
carriage return (0D hex). This showed 
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1 FE-5680A rubidium frequency 
standard (see text) 

1 PCB, available from the EPE 
PCB Service, code 04105141, 
102 x 38.5mm 

1 12V cooling fan 

2 DE-9F D-sub female sockets 
(CON1, CON4) 

2 panel-mount BNC sockets 
(CON2, CONS) 

1 2.5mm PC-mount DC power 
socket (CONS) 

2 3-way right-angle locking 
(polarised) headers, PC-mount 

2 3-way locking header plugs 

1 6-way right-angle polarised pin 
header, PC-mount 

1 6-way locking header plug 

1 14-pin DIL IC socket 

1 18V 2.5A plugpack supply 

Aluminium panels and brackets to 
make test jig 


Semiconductors 

1 74HC14 hex Schmitt inverter 
(IC1) 

1 PN200 PNP transistor (Q1) 

1 7805 regulator (REG1) 

1 6.8V 1W Zener diode (ZD1) 

1 green 5mm LED (LED1) 


Capacitors 

1 1000uF 25V electrolytic 
1 220uF 10V electrolytic 
1 100nF MKT ceramic 


Resistors (0.25W, 1%) 
1 22kQ 1 1.5kQ 
1 4.7kQ 1 47Q 5W 10% 


Miscellaneous 
Machine screws, nuts and 
washers, hook-up wire, cable ties 


me that the offset currently stored in 
its EEPROM and being used to set the 
DDS was zero — ie, 00 00 00 00, witha 
data checksum at the end of 00. 

So now I knew that this particular 
FE-5680A, locked to rubidium and 
connected to my test rig, was provid- 
ing an output of 9,999,999.992Hz with 
an offset of zero. That meant that I 
now had to try sending positive offset 
numbers to the FE-5680A to nudge 
its output frequency up by close to 
0.008Hz, to reach the magic number 
of 10MHz. 

This actually took longer than you 
might think, mainly because to get the 
measurement resolution, I had to have 
the counter set initially for a gating 
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Here’s the ‘tweaked offset’ output frequency of the author’s FE-5680A rubidium 
standard, captured on the 12-Digit 1GHz Frequency Counter using a home-brew 
time period divider to extend the gating time to 10,000 seconds. As you can see, the 
reading is 10,000,000.0000Hz, although the decimal pointis not in the correct position. 
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A ‘DE-9’ D-sub 9-pin connector is often mistakenly referred to as a ‘DB-9’ con- 
nector. The ‘E’ refers to the shell size. A ‘DB-25’ connector has a ‘B’ size shell 


but the common 9-pin connector is smaller and has an ‘E’ size shell. 


This connector (regardless as to what you call it) is used for a variety of purposes. 
Two common applications are RS232/ElIA-232 (serial) connections (including 
UPS cables) and a variety of video interfaces on the IBM PC. 


time of 1000 seconds (16.67 minutes). 
And that meant sending a new offset 
number and then waiting for just over 
half an hour (2 x 16.67 minutes) to see 
the result. 

When I got close to the ‘finish line’, 
I then had to use the external timebase 
divider to give me a gating time of 
10,000 seconds (2 hours and 47 min- 
utes), to bring the counter resolution 
down to 100pHz. This now made for 
really slow progress, because after 
sending a new offset number, I then 
had to wait nearly six hours to see the 
result. In short, you have to be patient 
when adjusting the offset! 

After some trial and error, I was 
finally able to find the offset num- 
ber (00 00 02 F8) which brought 
the FE-5680A’s output frequency to 
10,000,000.0000Hz — as you can see 
from the photo of the frequency coun- 
ter. After that, it displayed this impres- 
sive figure for over a week — with just 
the occasional appearance of a ‘1’ in 
the least significant digit. 


Of course, most readers won’t havea 
second rubidium standard to serve as 
a timebase for the frequency counter. 
In that case, the best approach is to use 
the 1pps signal from a GPS receiver, 
eg, the GPS 1pps Timebase described 
in March 2014 or the Deluxe GPS 1pps 
Timebase described in April 2014. 
These are sufficiently accurate over 
long time periods to do the job. 


A final word 

So that’s how I was able to get a low- 
cost ‘retired’ FE-5680A rubidium 
vapour standard going again, and 
set it up as a very useful frequency/ 
time reference. It turned out that 
both units I purchased on-line were 
OK straight out of the box and there 
was no need to go though any of the 
tedious disassembly of the phys- 
ics package or rejuvenation of the 
rubidium-vapour discharge lamp. I 
don’t know whether I was fortunate 
or whether this would normally be 
the case with used units. 
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and computing world by storm: 


Teach-In 6 contains an exciting series of articles that 


This latest book in our Teach-In series will appeal to electronic, 
and computer buffs wanting to get to grins with the Raspberry Pi: 


i 
‘Anyone considering what to do with their,Pi/ or, maybe they have anidea 
for a project but dom know how to,turn Hn will find Teach-In6 
It covers: Programming: Hardware: Communications. Pi rojects\PI Class 
Python Quickstart; 


Home Baking/etc: 
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the necessary software for. the series so that readers can gel started 
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Available from WHSmith and other 
independent Newsagents from 
9th March 2015, 
or you can pre-order from 
our Direct Book Service 
priced £8.99 including P&P 


www.epemag.com 
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Nature’s way 


Yes, this is the April issue, but don’t go looking for any traps for the unwary in this article, 
however daft some of the stories may sound. This month, truth is truly stranger than fiction, 
as Mark Nelson now demonstrates. 


N PAST ARTICLES WE HAVE 

looked at earth currents, ball 
lightning (and of course ordinary 
lightning) as forms of naturally occ- 
urring ‘free’ electricity. As far as I 
know, nobody has managed to usefully 
capture this energy — of course, the odd 
unfortunate golfer has inadvertently 
captured it — but other forms of natural 
electricity may have a potential (get 
it?) for technology transfer. 


PLEASED to make your 
acquaintance 
Even though you might not have 


known it, plants, like almost 
all living organisms, have an 
internal communication system 


for responding to external stimuli. 
Whether they are exposed to sunlight, 
pollutants, nutrients or pests, plants 
react with a tell-tale electrical signal. 
Prince Charles, who was mocked 
for talking to plants in his garden, 
may have the last laugh now, as it is 
clear that plants have something to 
tell us. In fact, they have remarkable 
and significant sensing capabilities, 
whose electrical activity can be 
monitored and deciphered, much as 
human brain waves can be translated 
into machine-decipherable signals of 
non-verbalised patterns. 

For this reason, the EU-funded 
PLEASED project, led by Dr Andrea 
Vitaletti at Rome University, was 
established to discover how plants 
might be used as biosensors. The 
project’s name is an abbreviation of 
PLants Employed As Sensing Devices 
and no, this is truly not an April 
Fool’s joke. 


Smart solutions from the plant 
kingdom 

This is by no means the first study 
of plants as bio-sensors, but previous 
researchers focused purely on studying 
individual plants in a controlled 
laboratory environment. This time, the 
focus is on actual outdoor scenarios 
(such as a forest or meadow) in which 
plants often receive uncontrollable 
and unpredictable stimuli. Readings 
from several plants are collected over 
a wireless network and integrated in 
a suitable way to obtain a consistent 
and global view of an environment of 
interest, using the plants as sensing 
and decision-making devices. The 
end goal is to create eco-friendly, self- 
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sustainable and cost-effective plant- 
based solutions for tackling two key 
problems of the modern society: air 
pollution and the use of chemicals in 
organic agriculture. More information 
at: http://pleased-fp7.eu 


Electric bacteria 

Can you imagine a life form that 
feeds on electricity? No, we're 
not discussing the plots of sci- 
fi literature, but real Earth-based 
life forms that survive entirely on 
electrical energy in its purest form — 
without sugars, proteins or any other 
kind of nutrient. 

Precisely this is the scenario portrayed 
by Catherine Brahic last year in New 
Scientist magazine, where she wrote: 
‘Unlike any other living thing on Earth, 
electric bacteria use energy in its purest 
form — naked electricity in the shape 
of electrons harvested from rocks and 
metals. We already knew about two 
types, Shewanella and Geobacter. Now, 
biologists are showing that they can 
entice more out of rocks and marine 
mud by tempting them with a bit of 
electrical juice.’ She went on to quote 
Kenneth Nealson from the University 
of Southern California, Los Angeles, 
who explained that life, when you 
boil it right down, is based around the 
flow of electrons. ‘You eat sugars that 
have excess electrons, and you breathe 
in oxygen that willingly takes them. 
Our cells break down the sugars, and 
the electrons flow through them in a 
complex set of chemical reactions until 
they are passed on to electron-hungry 
oxygen,’ he stated. 


Microbial nanowires 

The article also quoted Lars Peter 
Nielsen from Aarhus University in 
Denmark, whose team discovered 
that tens of thousands of electric 
bacteria could join together to form 
daisy chains that carry electrons 
over several centimetres — a huge 
distance for a bacterium only three or 
four micrometres long. This enabled 
bacteria living, for instance, in seabed 
mud where no oxygen penetrates, 
to access oxygen dissolved in the 
seawater ‘simply by holding hands 
with their friends’. 

So what are the technology-transfer 
opportunities here? According to 
Nielsen, early research suggests that 
these nanowires conduct electricity 


roughly as well as the copper wires 
we use now, which could open up 
interesting research avenues involving 
flexible, lab-grown biocables. Kenneth 
Nealson (are these guys distantly 
related?) suggests that electric bacteria 
could be set to useful work in SPUDS, 
his name for ‘self-powered useful 
devices’. The idea that biomachines 
could clean up contaminated ground- 
water or sewage spills, drawing their 
own power from their surroundings — 
amazing or what? 


Daddy or chips? 

For the little girl in the TV commercial 
(from the 1990s, long before you were 
born) promoting McCain Oven Chips, 
it was an either-or choice. Which did 
she like better, daddy or chips? In 
those days, having both was not an 
option, and until recently the same 
applied to light bulbs. The choice 
was either incandescent or LED 
(we'll exclude the detested compact 
fluorescent lamps). 

Time moves on and now you can 
buy LED filament bulbs (just look on 
the Maplin, eBay or Amazon websites 
if you don’t believe me!). These bulbs 
use LEDs as their ‘filaments’ and 
resemble their incandescent cousins 
very Closely. Light is emitted from four 
LED filaments uniformly and evenly 
in all directions, instead of focusing it 
in a specific area in the way that many 
LED light bulbs do. The entire glass 
envelope’ is clear, unlike the white ‘egg 
cup’ heatsink base of conventional LED 
bulbs, enabling these LED filament 
bulbs to mimic most of the shapes that 
were available in incandescent format. 
Consequently, these bulbs fit well into 
older lighting fixtures designed for 
incandescent bulbs, meaning these new 
LED filament lights allow homemakers 
to reuse their old and attractive light 
fittings. 

There is of course no delay in 
illumination when switched on and 
the active electronickery is concealed 
unobtrusively inside the lamp base. 
The manufacturers state that the light 
produced by these bulbs is remarkably 
similar to natural light, but does not 
include any infrared or ultraviolet 
radiation. If you look around you 
will find versions producing daylight, 
warm white or golden glow colour 
temperatures. Too bad that I have 
already replaced all my old bulbs! 
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Win a Microchip 
MPLAB Starter Kit 
for Digital Power 


VERYDAY PRACTICAL ELECTRONICS is offering its readers the chance to win a Microchip 

MPLAB Starter Kit for Digital Power (#DM330017). This kit allows the user to easily explore the 

capabilities and features of the dsPIC33F GS Digital Power Conversion family. It is a digitally con- 
trolled power supply board that consists of one independent DC/DC synchronous buck converter and one 
independent DC/DC boost converter. Each power stage includes a MOSFET-controlled 5W resistive load. 
The kit features an on-board In-Circuit Debugger/Programmer via USB; LCD display for voltage, current, 
temperature and fault conditions and an on-board temperature sensor. 


The Digital Power Starter Kit provides closed-loop proportional-integral-derivative (PID) control in the 
software to maintain the desired output voltage level. The dsPIC DSC device provides the necessary mem- 
ory and peripherals for A/D conversion, PWM generation, analogue comparison and general purpose I/O, 
preventing the need to perform these functions in external circuitry. 
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HOW TO ENTER 


For the chance to win a Microchip MPLAB Starter Kit for Digital Power please visit: 
http:/Awww.microchip-comps.com/epe-mplabdigp and enter your details onto the online entry form. 


CLOSING DATE 
The closing date for this offer is 30 April 2015 
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TOSHIBA 


Want to connect an older test instrument or PC peripheral fitted with a 
‘legacy’ serial RS-232C interface to your late-model PC or laptop? That is 
a real problem with today’s PCs which only provide USB ports. Here is the 
solution: build this very small USB to RS-232C serial interface. 


any readers have test instruments, GPS receiver 
Mien Rubidium oscillators or PC peripherals 

which work perfectly well, but they can pose a 
problem when it comes to hooking them up to a current- 
model desktop or laptop PC. 

That’s because many older instruments and devices were 
fitted with what is now known as a ‘legacy’ serial RS-232C 
interface, while most recent PCs are only provided with 
USB ports. 

Yes, we know you can purchase cheap USB-to-RS-232C 
interface adaptors. But many of these don’t work very 
well — or don’t work at all — with older equipment with 
RS-232C interfaces. Also, many of these gizmos are not 
compatible with Windows VCP (virtual com port) drivers 
and need to have a custom driver installed — which is often 
a problem in itself. 


Cheap, not nasty! 

That’s why we’ve come up with this new interface, which 
can be built up at very low cost. Total cost, including the 
PCB, should be about £20 or less. And you should be able 
to assemble it in just a few hours. 

All of the parts, including the input and output connec- 
tors, fit on a PCB which measures only 76 x 46mm. It fits 
neatly into the smallest jiffy box currently available — the 
UB5 size, measuring 83 x 54 x 31mm. 


About the circuit 
The complete circuit of the interface, shown in Fig.1, uses 
just two chips and not much else. At its heart is IC1, a 
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Microchip MCP2200 ‘USB-UART Protocol Converter’ chip, 
which seems to be rather similar to a PIC18F14K50 micro, 
but is hard-wired to perform USB/serial and serial/USB 
conversion. On the serial side it’s coupled to the inverters 
inside a 74HC14 hex Schmitt trigger inverter device (IC2), 
acting as serial drivers and receivers. 


Where’s MAX? 

And no, we have not coupled the MCP2200 to a MAX3232 
or MAX3222 multi-channel RS-232C driver/receiver device 
—to give the circuit ‘full spec’ bipolar RS-232C compatibility. 
Our first prototype did use that approach, but we found that 
it would not operate reliably with a number of instruments 
and devices. These turned out to have a serial interface which 
provided only ‘unipolar’ OV/+5V signal swings. 

This was done (a) to save money and (b) because just 
about all of the serial ports on earlier PCs would interface 
quite reliably with these signals, even though they were 
nominally designed to provide and accept bipolar signal 
swings, ie, signal swings meeting the full RS-232C speci- 
fication, which specified from —5V to —15V for a mark or 
‘1’, and from +5V to +15V for a space or ‘0’. 

So, after quite a bit of testing and experimentation we 
decided to replace the MAX3222 driver/receiver device 
with the 74HC14 shown in Fig.1. It effectively goes back 
to the old unipolar ‘watered down RS-232C’ configuration, 
but we have found it to work reliably with all of the ‘legacy’ 
serial ports we’ve been able to try it with, including those 
with ‘true RS-232C’ ports as well as those with the ‘watered 
down’ approach. 
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We can’t guarantee that it will work reliably with ALL 
equipment fitted with a ‘true RS-232C’ port, because there 
may be some gear out there with a finicky RS-232C driver/ 
receiver chip which won’t recognise unipolar signals. 
But we suspect these are few and far between, especially 
these days. 

It’s also worth noting that while the original ‘full spec’ 
bipolar signals were designed to give reliable operation over 
quite long cables (up to at least 15m), the unipolar 0V/+5V 
signals of this Interface won’t be capable of anything like 
this. But since this Interface is intended mainly to connect 
‘legacy’ instruments and equipment to a nearby PC, this 
shouldn't be a problem. 

Returning to the circuit of Fig.1, you can see that four of 
the inverters inside IC2 are used as drivers, two in parallel 
for the transmit data (TxD) line and the other two in parallel 
for the Ready-to-Send (RTS) handshaking line. The remain- 
ing two inverters are used as receivers, for the Receive data 
(RxD) line and the Clear to Send (CTS) handshaking line. 

So what’s the purpose of the 1kQ series resistors in 
those ‘receive’ signal lines, and also for diodes D1-D4? 
These components are included to allow the inputs of the 
‘receiver’ inverters inside IC2 to handle both true-RS-232C 
bipolar swing signals as well as unipolar signals. The 1kQ 
resistors limit the current flow, while the diodes ensure that 
the inverter inputs are ‘clamped’ to a maximum DC input 
level of +5.6V and a minimum level of —0.6V. 

The circuitry around IC1 is quite straightforward. Pins 
18 and 19 are the USB data lines and these connect directly 
to pins 2 and 3 of USB connector CON1. 

Pins 2 and 3 of IC1 are the input and output pins for its 
internal clock oscillator, which runs at 12MHz as a result 
of connecting crystal X1 and the 33pF and 15pF capaci- 
tors. The oscillator runs at 12MHz because it connects to 
an internal PLL (phase-locked loop) which effectively 
multiplies the clock by four, to achieve the 48MHz needed 
by its USB 2.0 interface engine. 

Pin 17 of IC1 is its Vysp pin, which needs to be provided 
with a 470nF bypass capacitor for correct USB enumeration. 


USB TYPE B 
CON! 


USB TO RS-232C SERIAL INTERFACE 


Fig.1: just two ICs and a handful of other components make up the interface. 
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Pins 5 and 6 are configured in this application to drive LEDs 
1 and 2, which blink to indicate activity on the serial RxD 
and TxD lines. 

By the way, the MCP2200 is configured from your PC, 
using a small (freeware) configuration utility. This can be 
used to configure the MCP2200 in terms of baud rate, data 
format and so on. We’ll describe this in detail later. 

No external power is needed for the circuit as it is pow- 
ered from your PC via the USB cable and pin 1 of connector 
CON1. Typical current drain varies between about 18mA 
and 29mA, depending on the data being sent and received; 
well within the 100mA limit. 


Construction 

As you can see from the photos and the overlay diagram 
of Fig.2, all of the components used in the interface are 
mounted on the top of a small double-sided PCB coded 
07103141 and measuring 76 x 46mm. This has USB con- 
nector CON1 at one end and serial connector CON2 at 
the other. 

The complete PCB assembly fits snugly into a UBS jiffy 
box. It is used upside-down: the PCB is attached to the ‘lid’ 
of the box (which becomes the base), using four 15mm-long 
M3 machine screws with four 6mm-long untapped spacers 
and four M3 nuts to hold the PCB in place. The two activity 
LEDs protrude through matching 3mm holes in the ‘base’ 
of the box, which becomes its top. 

There is only one SMD component in the project (IC1), 
which comes in a 20-pin SOIC package. I suggest you 
solder this to the top of the PCB before any of the other 
components, as this makes construction easier. 

You can hold it in position using a pair of spring-loaded, 
self-closing tweezers or similar while you spot-solder di- 
agonally separated pins (eg, pins 1 and 11, or 10 and 20) to 
their pads on the PCB. Then the tweezers can be removed 
to give you clear access while you solder the rest of the 
pins on each side. 

If you do create an accidental solder bridge between 
adjacent pins, it’s usually easy to remove the bridge using 


D1-D4: 1N4148 
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The Interface is housed in a small jiffy box, small enough 
to fit in the palm of your hand. There’s no battery because 
it is powered from the USB port that it’s connected to. 


USB / RS-232C SERIAL 
INTERFACE 


RS-232C SERIAL 
PERIPHERAL 
—_—" 


narrow solder-wick (pressed against the pins concerned 
using the tip of your soldering iron). 

All of the remaining components are through-hole 
parts, which can be fixed to the PCB in the usual way. Fit 
the resistors first, followed by the capacitors, taking care 
with the polarity of the 10pF tantalum, which is the only 
polarised capacitor. 

Then fit crystal X1, followed by diodes D1-D4 — using 
diagram Fig.2 to guide you regarding their polarity. 

Next fit IC2, the pins of which can be either soldered 
directly to the pads under the PCB or plugged into a 14- 
pin DIL socket soldered into the PCB. Then both CON1 
and CON2 can be fitted, noting that each connector is 
held onto the PCB via a pair of lugs which are soldered 
to the copper underneath in addition to the actual con- 
nection pins. 

The final components to be added are LED1 and LED2, 
which are mounted vertically above the PCB with their 
leads left at almost full length, so the underside of each LED 
body is about 16mm above the top surface of the PCB. Make 
sure you fit the green LED in the correct position for LED1 
and the red LED in the LED2 position, and also make sure 


USBASERIAL 
INTERFACE 


with a 
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Fig.2 (left): 
the compon- 
| ent overlay, 


matching 
same-size 
photograph 
at right. 


that they are both oriented with their longer anode lead to 
the right (towards CON2) as shown in Fig.2. 


Box drilling 

Your PCB assembly should now be complete, ready for 
mounting to the box lid. But first you’ll need to prepare 
both the box and its lid, by drilling and cutting the various 
holes shown in Fig.3. 

There are eight holes in all — four in the lid for mounting 
the PCB, two in the ‘base’ of the box for the two activity 
LEDs, and a rectangular hole at each end for access to con- 
nectors CON1 and CON2. 


Assembly 

After you have drilled and cut all of the holes and fi- 
nally removed any burrs, you should be ready to mount 
the PCB assembly inside the lid. This involves passing 
the four 15mm long M3 screws up through the holes 
in the lid, and fitting each one with an untapped 6mm 
long spacer. 

The PCB assembly can then be lowered into position 
with the ends of the screws passing through the matching 
holes near each corner of the PCB. Then four shake-proof 
washers and M3 nuts can be fitted to the screws to hold 
the PCB in position. 

If you’d like to give your Interface a ‘front panel’ like 
the one you can see in our photographs (mainly to identify 
LED1 and LED2), we have prepared the artwork which can 
be downloaded from the EPE website. This can be printed 
and then laminated in a plastic sleeve for protection and 
finally cut to shape and attached to the outer surface of 
the base of the box (which becomes the top) using thin 
double-sided cellulose tape. 

The box can then be up-ended and lowered down 
over the PCB-and-lid assembly, oriented so that the end 
with the longer rectangular cut-out is at the CON2 end 
of the PCB. Make sure that the two LEDs pass up and 
just protrude through their matching holes. Then the 
four small self-tapping screws supplied with the UB5 
box can be used to fasten the box and lid together, to 
complete the assembly. 

You may also want to attach four small adhesive rubber 
or plastic feet to the lid/underside of the Interface, to ensure 
that the screw heads don’t scratch any surface it’s placed on. 


Configuring the MCP2200 

While there are no adjustments to be made to the Interface 
before it can be used, the MCP2200 USB-serial protocol 
converter chip (IC1) does need to be configured to suit your 
particular application. 


USB/SERIAL 
@ 07103141 INTERFACE 
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As mentioned earlier, this is done by connecting the 
Interface to one of the USB ports on your PC and then run- 
ning Microchip’s freeware Configuration Utility. 

When you first connect the Interface to a USB port on 
your PC (assumed to be running), Windows will respond 
by installing its standard ‘virtual COM port’ driver. You can 
then call up Device Manager (usually via Control Panel) 
and look under ‘Printers and Devices’ to make sure that 
you now have a ‘USB serial port’. Otherwise you may need 
to download and install the Microchip Serial Port Driver 
from the link mentioned below. 

Check its Properties to learn which COM port number 
it has been given, the data format it has set (8 data bits, 
no parity and one stop bit are usually best) and also check 
whether Windows is advising that it is ‘working properly’. 

Set the driver’s baud rate to match that of the instrument/ 
GPS receiver module/Rubidium oscillator or whatever 
you're going to be using the Interface to communicate with. 
This will probably be either 4800 or 9600 baud (bps) but 
you may need to check in its user manual to make sure. 

Assuming this first step has gone smoothly, the next step 
is to download and install Microchip’s custom MCP2200 
Configuration Utility. This can be downloaded from their 
website by typing in this URL: www.microchip.com/ 
MCP2200. Click on ‘documentation and software’, then 
scroll down until you find the MCP2200 Configuration 
Utility. It’s a 5.3MB zipped file. 

After unzipping, this provides a self-installing version 
of the MCP2200 Configuration Utility. 

When you run this and then fire up the utility itself, you 
should see a window like that shown in Fig.4 — although 


(LH END OF BOX) 


(UNDERSIDE OF BOX) 


—<—] 5,.5—> 


! 
| 


Fig.3: drilling detail for 
the UB5 jiffy box. The 
rectangular holes at the 
box ends (for the RS232 --|--~~~-~ 77 
and USB sockets) are 
best made by drilling 
around the inside of 

the area with a small 
(eg, 2mm) drill then 

enlarging to size with a 
small file. 


|<] 9. 


19—_~ 


-------7----- 


= 


) eee eee eee 


Everyday Practical Electronics, April 2015 


Parts List - 
USB/RS232C Interface 


1 UBS jiffy box, 83 x 54 x 3imm 

1 PCB available from the EPE PCB Service, code 07103141, 
size 76 x 46mm 

1 12.00MHz crystal, HL-49U/US (X1) 

1 USB type B connector, PC-mounting (CON1) 

1 DE-9 male connector, PC-mounting (CON2) 

415mm long M3 machine screws, pan head 

4 6mm long untapped spacers 

4 M3 nuts with shake-proof washers 

4 adhesive rubber or plastic feet (optional) 


Semiconductors 

1 MCP2200-1/SO USB 2.0 to UART protocol converter (IC1) 
1 74HC14 hex Schmitt trigger inverter (IC2) 

4 1N4148 100mA diodes (D1-D4) 

1 3mm green LED (LED1) 

1 3mm red LED (LED2) 


Capacitors 

1 10,F 16V tantalum electrolytic 

1 470nF 50V multilayer monolithic ceramic (474 or 470n) 
2 100nF 50V multilayer monolithic ceramic (104 or 100n) 
1 33pF NPO disc ceramic (33 or 33p) 

1 15pF NPO disc ceramic (15 or 15p) 


Resistors (0.25W 1%) 

1 10kQ (brown black orange brown or brown black black red brown) 
2 1kOQ (brown black red brown or brown black black brown brown) 

2 4702 (yellow violet brown brown or yellow violet black black brown) 
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you won't see any text as yet in the large ‘Output’ box. This 
box will be blank initially, while some of the smaller boxes 
may also have different contents. 

Before you click on the ‘Configure’ button at bottom 
left, you’ll need to ensure that the contents of all of these 
smaller boxes are as shown in Fig.4. You probably won’t 
need to change the contents of the Manufacturer, Product, 
Vendor ID or Product ID boxes, nor will you need to click 
on the ‘Update VID/PID’ button. 

But you may need to click on the check box next to the 
label ‘Enable Tx/Rx LEDs’, to display the tick as shown. 

It’s also possible that you may need to click on the check 
box next to ‘Enable CTS/RTS pins’, if the serial device 
you're going to be communicating with needs this kind of 
handshaking. But this is unlikely with most of the devices 
you’ll want to communicate with using the Interface. 

If the Baud Rate: text box is not showing the baud rate 
you want, click on the down arrow to its right to get the 
drop-down list box, and then select ‘4800’ or ‘9600’ or 
whatever baud rate you do need from the list. Then if 
the I/O Config: text box is showing something other than 
‘00000000’, click inside the box so that you can type in the 
correct ‘00000000’ text string. 

Similarly, if the Output Default: text box is not show- 
ing ‘11111111’, click inside that box and type in that text 
string yourself. 

Now turn your attention to the LED Function box at lower 
right, and if necessary click on the ‘Blink LEDs’ radio but- 
ton if this isn’t displaying the ‘selected’ bullet. Similarly, 
click on the ‘100ms’ radio button so that it too is selected. 

At this stage you should be seeing a display very much 
like that shown in Fig.4, apart from a blank output window. 
If this is so, you can now click on the Configure button at 
lower left. There should then be a brief pause while the 
Config utility ‘does its thing’ with the MCP2200 chip in 
your Interface; then the text shown in Fig.4 should appear 
in the Output window to show that the configuration has 
been done and your Interface is now communicating with 
the PC via the USB cable. You can then close the Config 
utility, because your USB-Serial Interface is now configured 
and ready for use. 

What if you decide at a later time that you want to use 
the same Interface to communicate with a different serial 
device? That’s not really a problem, because all you’ll need 
to do is fire up the MCP2200 Configuration Utility again 
and use it to reconfigure the Interface’s MCP2200 to suit 
the ‘new’ serial device. You’ll be able to change the baud 


26 


rate, disable the CTS/RTS pins if handshaking is not needed 
any more, and so on. 


A few words about cables 

That’s about it as far as the Interface itself is concerned, but 
before closing we had better give some basic information 
regarding RS-232C serial cables and the ways in which 
they’re wired. That’s because it’s not easy to buy this type 
of cable nowadays, so you may need to wire up one or 
more cables yourself. 

Another possibility is that you may have one or two older 
serial cables, but are not sure how they’re wired. This can 
be frustrating if you try using one to connect between the 
Interface and a particular device and find they won’t ‘talk 
to each other’. 

First of all, most serial ports on older PCs used DE-9 
nine-pin connectors rather than the DB-25 25-pin connec- 
tors originally used to interconnect RS-232C serial devices 
like teleprinters and dial-up modems with minicomputers 
and mainframes. So you'll probably only have to concern 
yourself with cables fitted with a nine-pin connector at 
each end. 

The next thing to be aware of is that many ‘RS-232C’ serial 
devices didn’t use ‘hardware’ handshaking at all. Instead 
of using any of the handshaking lines of the serial ports 
and cables, they implemented a simple software-driven 
handshaking protocol, sometimes called ‘X-on/X-off). 
As a result, these devices may not even need you to use a 
nine-conductor cable at all: just a stripped down or ‘bare 
minimum’ three-wire cable, with only the RxD and TxD 
data lines plus a ground line. 

But be warned: even though the device itself may not 
need any of the handshaking lines, the software running 


MW. MCP 2200 Configuration Utility 


Writing Manufacturer String Descriptor 
Writing Product String Descriptor 
Writing Configurations 

Device Configured. 

Writing VID/PID 

Verifying Descriptor block 

Verifying Manufacturer Descriptor block 
Verifying Descriptor block 

Verifying Default Settings block 
Device Verified 


String Descriptors 
Manufacturer Mictochip Technology Inc. 


Product | MCP2200 USB Serial Port Emulator 


New Using 
Vendor ID; | 0x04D8 Ox04D8 
Product ID: 0x00DF Ox00DF 
Baud Rate: 9600 wal 
10 Contig: 00000000 
Output Default: 11771111 


[7] Enable Tx/Rx LEDs 

(2 Enable CTS/ATS Pins 

(7 Enable USBCFG Pin 

() Enable Suspend Pin 

(1 Invert UART Polarity (UPOL) 
LED Function 


® Blink LEDs 
© Toggle LEDs 


Reset to Detauk 


Connection Status: Connected 


Update 
VID/PID 


Blink Duration 
© 100 ms 
© 200 ms 


Fig.4: Microchip’s Configuration Utility, which can be 
downloaded free of charge 
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DE-9F 
(FEMALE) 


DCD = DATA CARRIER DETECT 
RxD = RECEIVE DATA 

TxD = TRANSMIT DATA 

DTR = DATA TERMINAL READY 
GND = SYSTEM GROUND 


cy) ‘STANDARD’ RS-232C SERIAL CABLE WIRING USING 9-PIN CONNECTORS 


‘DCE’ END 
(INSTRUMENT, 
GPS RECEIVER OR 
RUBIDIUM OSC) 


‘DTE’ END 
(PC OR USB 
INTERFACE) 


DSR = DATA SET READY 
RTS = READY TO SEND 
CTS = CLEAR TO SEND 
RI = RING INDICATOR 


DE-9F DE-9M 
(FEMALE) 


‘DCE’ END 
(INSTRUMENT, 
GPS RECEIVER OR 
RUBIDIUM OSC) 


‘DTE’ END 
(PC OR USB 
INTERFACE) 


SOFTWARE MAY NEED 
THESE PINS LINKED 


‘BARE MINIMUM’ SERIAL CABLE WIRING USING 9-PIN CONNECTORS 


DE-9F 
(FEMALE) 


‘DTE2’ END 
(PC OR USB 
INTERFACE) 


‘DTE1’ END 
(PC OR USB 
INTERFACE) 


NOTE: TxD & RxD CROSS CONNECTED, 
DTR & DSR CROSS CONNECTED, 
RTS & CTS CROSS CONNECTED, 
DCD & RI NOT USED 


© “NULL MODEM’ SERIAL CABLE (OR ADAPTOR) USING 9-PIN CONNECTORS 


Fig. 5: various types of serial cables which may be 
required for the interface. 


in your PC might need to be ‘tricked’ into thinking that 
the device is ready for action, by linking together some of 
the pins at the Interface end of the cable (the RTS and CTS 
pins, for example). Otherwise the software may regard the 
device as ‘not present’ or ‘busy’. 

Right, now take a look at Fig.5, which shows in (a) the 
way a standard RS-232C serial cable was wired up using 
9-pin connectors. You can make up this kind of cable very 
easily using IDC-type DE-9 connectors and a length of 
standard IDC ribbon cable, because all of the wires have 
a ‘straight through’ connection — pin 1 to pin 1, pin 2 to 
pin 2 and so on. 

The main thing to remember is that the PC or Interface 
end of this cable (the so-called ‘DTE’ end, standing for ‘data 
terminal equipment) has a female (DE-9F) connector, while 
the other end (the ‘DCE’ or ‘data comms equipment’ end) 
is usually fitted with a male (DE-9M) connector. 

This type of cable should be fine for connecting the PC 
(via the Interface) to many types of ‘legacy’ serial device. 
But just so you’ll be aware of the options, take a look at 
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Fig.5(b). This shows the wiring of a ‘bare minimum’ three- 
wire cable, which only provides the RxD and TxD data lines 
plus the ground line. You should be able to use this much 
simpler type of cable to communicate reliably with many 
of the ‘legacy’ devices using our new USB-serial Interface 
— although you may find it necessary to link pins 7 (RTS) 
and 8 (CTS) of the connector at the PC/Interface end, to 
keep the software ‘happy’. That’s why the diagram shows 
the link between these pins in red. 

Finally, Fig.5(c) shows the wiring for a so-called ‘null 
modem?’ serial cable or adaptor. Quite possibly you won’t 
need to worry about this type of cable/adaptor, because it 
was really only used to allow two PCs to be hooked up to 
each other directly via their serial ports, for exchanging 
data files etc (although we did need to do this to connect 
the old Agilent scope shown in the opening photo). 

As you can see, this type of cable/adaptor has a female 
DE-9 connector at each end. It also has ‘crossover’ connec- 
tions linking the RxD and TxD data pins, the DTR and DSR 
pins and also the RTS and CTS pins — so the ‘outputs’ at 
each end connect to the ‘inputs’ at the other. 

A cable wired up this way won’t work if you try to use it 
to connect your PC and Interface to a ‘legacy’ device like a 
test instrument, a GPS receiver module or arubidium oscil- 
lator. You’ll need to either use a different cable or rewire 
it to remove the crossover connections. 
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Fig.6: this front panel artwork (which actually attaches to 
the bottom of the box) can also be downloaded from the 
EPE website. 
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Part 2 — by John Clarke 


Last month we described the features 

and circuit details of our new 

Speed Controller. This month, we move on 
to construction and troubleshooting. 


his new Motor Speed Controller 

| is constructed on a single PCB, 

coded 10102141 and measuring 

112 x 141mm. It is housed in a diecast 

metal case measuring 171 x 121 x 

55mm. A front panel label measuring 

168 x 118mm is attached to the lid of 
the case. 

The PCB includes cutouts to match 
the shape of the case and a cutout for 
the IEC input connector. 

Before construction, you need to 


mounted on the front lid or whether 
you will use the internal trimpot (VR3). 


Beginning construction 

First, check the PCB for any etching 
problems (bridged or broken tracks, 
etc) and wrongly-drilled holes. 

We do not expect that there will be 
any problems with PCBs supplied by 
the EPE PCB Service or with those sup- 
plied in kits. These are of high quality 


and are solder masked, screen-printed 
and shaped with the required cutouts. 

However, if there are any problems, 
repair these as necessary. Similarly, 
if the cut outs in the sides of the PCB 
have not been shaped, they should be 
cut and filed before any components 
are assembled. 

Check that the PCB fits into the case 
before starting assembly. 

Following the overlay diagram 
shown in Fig.9, first solder in the 


check what bridge rectifier 
is being used for BR1. This 
can be either a PCB mount- 
ing type or one that has 
spade terminals — the con- 
struction varies depending 
on which type is used. 
There is no best choice. 

For the spade terminal 
bridge, extra wiring is in- 
volved, whereas with the 
PCB-mounted bridge, there 
is some filing required to 
remove the two ribs that 
prevent the bridge mount- 
ing flat against the side of 
the case. 

Also, decide if you prefer 
having the feedback con- 
trol potentiometer (VR2) 
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This is NOT a project suitable for 
beginners or the inexperienced! 


This project should only be attempted by constructors with 
extensive experience in mains-powered circuits and with the 
knowledge necessary to get it going if something is wrong. 


This circuit connects directly to the 230VAC mains and most 
components are floating at this voltage. 


Inadvertent contact with a live circuit could prove lethal. 


Do not operate the circuit with mains connected, without the 
case lid being secured with all six screws provided. Always 
remove the mains lead from the IEC socket before removing lid. 


Low-voltage trouble-shooting tips are provided in this article. 


We reiterate: do not attempt to build this speed controller if you 
do not have the experience necessary to do so. 


resistors, except the 
0.01Q resistor, using the 
colour code table and/ 
or a digital multimeter, 
to ensure you have the 
right resistors in the 
right places. 

When inserting diode 
D2 and ZD1 take care 
with their orientation. 
Diode D1 is installed 
later. 

We used an IC socket 
for IC1 only. Be sure 
to install the IC socket 
and the ICs the correct 
way around, with the 
notch facing the direction 
shown on the overlay. 
Also, ensure [C2 and IC3 
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Fig.9: all components mount 
on a single PCB - this overlay 
diagram will help you get 
them in the right place and in 
the right orientation. 

You should find the 

same diagram silk- 

screened onto the 

top side of the PCB. 

Note that provision 

is made for a PCB- 

mounting bridge 

rectifier (BR1) or for 

one which mounts 

off the board via 

short spade leads. The 
alternate wiring diagram 
(Fig.11, overleaf) shows 

how to do this. 


ALL COMPONENTS AND 
WARING IN THIS CIRCUIT 
OPERATE AT MAINS 
DO NOT OPERATE WITH 
CASE OPEN - ANY 
CONTACT COULD BE FATAL! 


are placed in their correct position. 
REG1 and Q2 can now be inserted, 
again taking care to place each in its 
correct position. Q1 is installed later. 

Capacitors can be installed next, 
using the capacitor table. It 
shows the various codes that 


are used to indicate the ca- 
pacitance values of the MMC, 
MKT polyester, and ceramic 
capacitors. 

The electrolytic capacitors 
have their value directly 
marked but must be oriented 
with the correct polarity, 
as shown. So too must the 
small diode bridge, BR2, 
which can be soldered in 
now, along with the 4-way 
screw terminal. It’s made 
up of two 2-way terminals 
dove-tailed together before 
being inserted and soldered 
in place. The lead entry side 
is toward the lower edge of 
the PCB. 
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The 0.01Q resistor can now be in- 
stalled. It has a 40mm length of 2.5mm 
diameter Vidaflex heat-resistant sleev- 
ing slid over it before inserting into 
the PCB holes. 


Features 


° ey 230VAC brush (universal) motors 
i ahead Smooth and precise motor Speed control 
peed can be controlled from zero to maximum 
° i Speed regulation under load 
° Adjustable speed regulation with fe 
: edback ¢ 
Excellent low-speed motor operation “ia 
° tad (10A) rating 
* Cycle-by-cycle current overload i 
rot 
° Over-current limiting mee 
* Soft starting 


* NTC Thermistor for initial 
Surge cu imiti 
* Fuse protection ae 


* Rugged case with interference Suppression included 


VR2/VR3 choices 

As discussed last month, VR2 is op- 
tional but gives front-panel control 
over feedback. Note that if VR2 is going 
to be used, you should include either 
VR3 or a link in its place on the PCB 


to prevents input AN3 from 
floating. 
Solder in VR3 or place 
a short wire link (using a 
length of resistor lead off- 
cut) between the central 
wiper connection and one 
of the end pads (either one) 
for the VR3 position. 

Next are the spade con- 
nectors at CON1-CON3 and 
CON8 and CONQY. Spade 
connectors are also required 
at CON4-CON7 if BR1 is a 
spade terminal type. 

Install the EMI filter and 
also the NTC thermistor. The 
PCB-mounted bridge for BR1 
can be mounted now if this is 
used. This sits as low as pos- 
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sible on the PCB before being soldered 
in place. 

D1 and Q1 are the last components 
to be soldered to the PCB. Solder them 
in so their metal flanges are towards 
the edge of the PCB and their full 
length leads are extending about 1mm 
below the PCB. 


Mounting the hardware 

The front panel artwork can be copied 
and used as a marking-out template. 
Note that it does not have a hole po- 
sition for the main earth bolt, which 
can be mounted anywhere it doesn’t 
interfere with anything else. 

Also shown is a marking-out 
diagram for the end wall of the case 
(Fig.12). 

The IEC connector mounts with 
about a 4mm gap from the base of the 


The EMI filter 
mounts directly 
on the PCB and 
assists greatly 
in removing 
switching noise 
generated by the 
circuit. 


case to the bottom of the IEC connector. 
The hole is made by drilling a series of 
small holes around the perimeter of the 
desired shape, knocking out the piece 
and filing to shape. The earth screw 
hole is 4mm in diameter. 

If you are using the PCB-mounted 
bridge rectifier, file away the two ribs 
on the side of the case that prevent the 
bridge mounting flat. 

Insert the PCB into the case, noting 
that the leads for D1 and Q1 must be 


Fig.10: the external wiring to the PCB. Inset top right 
is the mounting arrangement for D1 and Q1 - an 
insulating washer is essential between the case and 

the semiconductors, but no insulating bush is needed. 


ALL 6.8mm INSULATED FEMALE 
QUICK CONNECTORS ALSO 
HAVE HEATSHRINK SLEEVING 


10A FUSED 
IEC PANEL 
MALE SKT 


q 


CASE EARTH 
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SCREW, EYELET, 

LOCKWASHER 


‘ALL COMPONENTS AND 
WIRING IN THIS CIRCUIT 
‘OPERATE AT MAINS 
DO NOT OPERATE WITH 
CASE OPEN - ANY 
CONTACT COULD BE FATAL! 
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kinked outward a little so that the 
metal flange of each device is parallel 
to and in contact with the side of the 
case. Mark the mounting hole posi- 
tions for diode D1, IGBT Q1 and bridge 
rectifier, BR1. 

For the quick connector terminal 
bridge rectifier type, this is mounted 
side on against the case side. 

The holes required for mounting Q1 
and D1 are 3mm, while a 4mm hole is 
required for the bridge rectifier. 
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Holes are also required in the lid 
for VR1 and VR2 (if required) and 
the earth terminal, with a cutout and 
holes for the mains general purpose 
outlet (GPO). 

There are locating spigots on both 
VR1 and VR2 which prevent the poten- 
tiometer body from rotating when the 
knob is turned. The holes for these (so 
the spigot will be captive in the hole) 
do not need to be drilled fully through 
to the front of the lid panel. 

All holes should be de-burred on the 
inside of the case with a countersinking 
tool or larger drill to round offthe sharp 
edges. For D1 and Q1, the edges must 
be rounded to prevent punch-through 
of the insulating washers. 

Attach the PCB to the case with the 
two screws supplied with the case plus 
an extra two M3.5 x 6mm screws. 

Secure D1 and Q1 to the case with 
a screw, nut and silicone insulating 
washer. No insulating bushes are nec- 
essary as the packaging of D1 and Q1 
has insulation between the mounting 
screw hole and metal face. 

The arrangement for this is shown 
in the inset in Fig.10. After mounting 
D1 and Q1, check that the metal tabs 
of the devices are isolated from the 
case by measuring the resistance with 
a multimeter. The meter should show 
a very high resistance measurement 


Constructional 


Here’s a close-up of the mounting for the IGBT (Q1) with its insulation washer 
underneath. Diode D1 is similarly mounted. The cambric insulation at top right 


covers the 0.01Q resistor 


between the case and any of the diode 
and IGBT leads. 

The complete wiring diagram is 
shown in Fig.10. The earthing details 
of the case are most important since 
the IGBT, D1 and the potentiometers, 
VR1 and VR2 are all at 230VAC mains 
potential, yet are attached to the case. 
Ifthe insulating washers or the insula- 
tion of a potentiometer were to break 
down, the case would be live (ie, at 
230VAC) ifit was not properly earthed. 
For the same reason, the case lid must 
also be independently earthed. 

The bridge rectifier (BR1) is secured 
to the case with an M4 screw and nut. 


CHIP 
10A/230V MOTOR SPEED CONTROLLER 


OFF-BOARD BRIDGE RECTIFIER 
CONNECTED TO PCB VIA FOUR 
LENGTHS OF 10A/230V WIRE, 
WITH 6.8mm INSULATED FEMALE 
QUICK CONNECTORS AT EACH 
END, PLUS HEATSHRINK SLEEVES 


Fig. 11: if your bridge rectifier (BR1) is designed for off-the-PCB mounting, 
here’s how to wire it. You’ll need to make up some short spade-lug leads. 
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It does not require an insulating washer 
between its body and the case. 

Cut the potentiometer shafts to 
length to suit the knobs. Then install 
the potentiometers. These are mounted 
with up to two washers between the pot 
and the lid for the locating spigot to fit 
neatly into its locating hole. Fit knobs 
to the shafts. The central pointer on 
each knob may require prising out and 
relocating to the correct orientation. 

All mains wiring must be done us- 
ing 10A 250VAC rated wire. Wiring 
for the potentiometer must also be 
mains rated, but it does not need to be 
10A rated. The IEC connector must be 
wired using the correct wire colours 
(brown for live, blue for neutral and 
green/yellow striped wire for earth). 
Use quick connectors for the mains 
wiring connection to the PCB connec- 
tors. Wires to the IEC connector need 
to be insulated with heatshrink tubing 
covering all exposed metal terminals 
for the live and neutral wiring. 

For earthing, solder two earth wires 
from the IEC connector. Each wire 
should loop through the hole in the 
earth terminal and be wrapped back on 
itself so the wire is essentially captured 
before soldering to the terminal. 

Make sure the earth terminal is 
heated sufficiently with the soldering 
iron so the solder wets and adheres 
properly to both terminal and wire. 
One end of the earth wire is crimped 
to the earth eyelet and the other to 
the GPO earth terminal and the earth 
eyelet on the lid. It is important to use 
one continuous earth wire length with 
just the insulation stripped back in the 
middle to terminate into the GPO earth 
screw terminal. 

The earth eyelets are secured with 
M4 screws, astar washer and nut, with 
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The view inside the completed project. Note that there is no power lead connected to 
the IEC socket in this picture - the case should never be open with power applied! 


a second nut used as a locknut. Note 
that a countersunk screw is used on the 
lid. The IEC connector is secured with 
the M3 x 10mm countersunk screws, 
star washers and nuts. Similarly, the 
GPO is secured with M4 screws, star 
washers and nuts. 


Capacitor Codes 


IEC EIA 
code code 
470n 474 
100n 104 

15n 168) 

10n 103 
.001 uF 1n0 102 
470pF NA 470p 86471 
All ‘X2’ class will have printed values 


Value UF 
value 
470nF 0.47uF 
100nF 0.1yF 
.015 uF 
01 UF 


15nF 
10nF 
1nF 


32 


Wire up the potentiometer, again 
using 250VAC-rated wire. The reason 
for this voltage rating is to ensure 
that there is no insulation breakdown 


to case. Finally, hold the wiring in 
place using cable ties as shown. This 
minimises the possibility of any wire 
breaking loose and making contact 
with the case. 


Testing 

Before you power up the circuit, check 
all of your wiring very carefully against 
the overlay and wiring diagram. Also 
check that the case and lid are con- 
nected to the earth pin of the power 
socket. 

If you are satisfied that all is correct, 
you are almost ready to screw the lid 
onto the case. Set VR1 and VR2 fully 
anticlockwise. If you are not using 
VR2, set VR3 anticlockwise instead. 

When screwing the lid on, note that 
the case is supplied with a rubber seal 
that goes around a channel in the lid. 

Do not be tempted to operate the 
speed controller without the lid in 
place and screwed in position. 

Any delving into the circuitry when 
power is connected is potentially le- 
thal. Preferably, use an earth leakage 
circuit breaker (safety switch) on the 
mains supply. If there isn’t one already 
installed in your fuse box, use an in- 
line type. 

The easiest way to test the circuit 
operation is to connect a load such as 
a standard (ie, non-speed-controlled) 
electric drill. Apply power and check 
that you can vary the drill speed with 
VR1. Some motors may require adjust- 
ment of VR2 for best speed regulation. If 
using VR3 instead this must be done on 
a trial-and-error basis with the power 
off. Disconnect power to the controller 
by unplugging the IEC mains power 
lead from the mains wall outlet, adjust 
VR3 very slightly and replace the lid. 

In practice, if VR2 or VR3 is adjusted 
too far clockwise, the motor may tend 
to be overcompensated when loaded 


Resistor Colour Codes 


. Value 
1MQ 
10kQ 
4.7kQ 
2.2kQ 
1kQ 
4700 
3300 
10002 
1002 
4.72 


4-Band Code(1%) 


yellow violet red brown 
red red red brown 
brown black red brown 


O 3 
Lie 
O 1 
O 2 
O 1 
O 2 
O 1 
O 3 
O 1 
O 1 


brown black green brown 
brown black orange brown 


yellow violet brown brown 
Orange orange brown brown 
brown black brown brown 
brown black black brown 
yellow violet black gold (5%) n/a 


5-Band Code (1%) 

brown black black yellow brown 
brown black black red brown 
yellow violet black brown brown 
red red black brown brown 
brown black black brown brown 
yellow violet black black brown 
orange orange black black brown 
brown black black black brown 
brown black black gold brown 
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The end of the diecast case must be drilled and filed to house the fused IEC mains 
input socket, along with a countersunk 4mm hole for the main earth bolt (see 
diagram below). 


and will actually speed up. It may 
even hunt back and forth between a 
fast and slow speed. If this happens, 
readjust VR2 or VR3 anticlockwise for 
best results. 

If you are using a drill at fairly low 
speed, the motor should not slow 
down by much as you put a reason- 
able load on it. 

Note that the feedback feature where 
the idle current can be dialled out will 
prevent the motor speed from increas- 
ing with increasing feedback control 
adjustment. The idle current can be 
dialled out by running the motor at the 
desired speed and then rotating VR2 
anticlockwise so that the controller 
measures the idle current. 

Then readjust VR2 clockwise to its 
required position for best control. The 
motor speed is then only controlled for 
current that exceeds the idle current. 
This feature cannot be easily activated 
using VR3. 


I 
¢ 


This speed controller must NOT 
be used with appliances that already 
have a continuously variable speed 
controller built into the trigger. 

You can use the speed controller 
with electric drills that have two-speed 
gearbox switching (ie, non-electronic) 
speed control. 

One final point; if you are using 
this controller with a high power tool 
such as a large circular saw or 2HP 
router, it will not give the same kick 
when starting. That is because of the 
soft start — the motor will take slightly 
longer to come up to full speed. This 
is due to both the NTC thermistor and 
PWM soft start by the micro. 


Troubleshooting 

If the speed controller does not work 
when you apply power, it’s time to do 
some troubleshooting. First, a remind- 
er: all of the circuitry is at 230VAC 
mains potential and can be lethal. This 
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Fig12: drilling detail for the end of the case shown above. Photocopy this and stick 
it to the end of the case, then drill right through it. 
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includes any exposed metal parts on 
components except those that are tied 
to the earthed chassis of the case. Do 
not touch any part of the circuit when 
it is plugged into a mains outlet. Al- 
ways remove the plug from the mains 
outlet before touching or working on 
any part of the circuit. Before going 
any further, check the fuse, then give 
your PCB another thorough check 
(using a magnifying glass). Check for 
incorrectly placed components and 
for component orientation. Also check 
solder joints. 

Fortunately, there is a safe way to 
check most of the circuit and that is to 
operate it from a low voltage (12-14V 
with at least a 20mA current capabil- 
ity) DC supply. 

Remember that most plugpacks 
supply significantly above their rated 


Tools with ‘soft start’ circuits 
When testing the 230V 10A Brush Motor 
Speed Controller on a 220-240VAC 6.5A 
Makita L$1017L Sliding Compound Saw, 
the motor would not operate at all. A 
quick search on the ’net revealed that 
this saw includes a soft start circuit to 
prevent the otherwise massive surge 
current at start up. 

Presumably, the soft start circuit 
requires an AC supply in order to work. 
The full-wave rectified DC voltage from 
the Motor Speed Controller prevents it 
working. 

The accompanying photograph shows 
the soft start module. This is located just 
inside the end cap of the motor where it 
receives cooling air drawn in through 
the motor fan. 

The C terminal connects to mains live 
via the trigger on switch for the saw. The 
Aterminal connects to mains neutral. The 
soft start connection is between terminals 
Aand B. By disconnecting the soft start A 
and B terminals then bridging the spade 
lugs which originally connected to them, 
we were able to use the Mofor Speed 
Controller with this saw. 
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Constructional 


GPO 
CUTOUT 


Full Range Speed Controller 
for 230V Brush Motors 


Set idle current___ 


Suitable for brush 
(universal) motors 
up to 10A 230VAC 


Do Not Use 
with induction or 
shaded-pole motors 


Speed 


a) 


Feedback 


@ 


Fig.13: this same-size front panel label can also be used as a drilling/cutting template, as well as the final label - if you want it in 
colour, it can be downloaded from the EPE website and printed on a colour printer. The 4mm countersunk hole for the lid earth 
screw is not shown — it can go anywhere it doesn’t interfere with controls. When applied, the label hides its location. 


voltage when unloaded, so we would 
always err on the lower side, ie, 12V 
rather than 14V. 

You must have the 230VAC mains 
disconnected from the controller by 
unplugging the IEC mains lead from 
the controller and the mains socket. 

The supply is connected to Zener 
diode ZD1 with the positive connect- 
ing to the cathode (striped end) and 
the negative connecting to the anode. 
Before you connect the supply, meas- 
ure it to make sure it is not exceeding 
14V, otherwise you may damage the 
15V Zener diode. 

A multimeter can be used to test 
voltages with the negative lead to the 
negative supply (anode of ZD1). First, 
check that there is supply at both pin 
1 and 8 of IC3, This voltage should 
be the same as your power supply 
connection. 

Pin 14 of IC1 should be about 5V (4.85 
to 5.15V) as should pin 8 of IC2. Voltage 
on the wipers of VR1 and VR2 should be 
adjustable from OV to 5V when rotating 
the potentiometer to its full extremes. 
Pin 6 of IC2b should be 3.4V. 
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Pin 9 of IC1 should be adjustable 
from OV to 5V as VR1 is adjusted over 
its full range. This is a DC measure- 
ment of the PWM signal. Pin 7 of IC3 
should range from OV through to the 
power supply voltage with VR1 adjust- 
ment. A similar voltage range will be 
available on the gate of Q1. If the gate 
voltage remains at OV, then suspect a 
damaged IGBT or a short from gate to 
ground. 

If your meter can read frequency, 
the PWM signal at pin 9 of IC1 should 
give a reading of 980Hz when VR1 is 
around mid setting. You will not get a 
frequency measurement with VR1 set 
at either extreme end of its rotation. 

Measuring the resistance between 
IGBT pins is a simple way to check this 
component. If there is a short circuit 
between collector and emitter, or ifthe 
gate is shorted to the emitter, then the 
IGBT is likely faulty unless there is a 
short on the PCB instead. 

Diode (D1) operation can be checked 
using the diode test on your multime- 
ter —there should not bea short circuit 
between anode and cathode. 


Be sure to remove the power supply 
connection and replace the lid before 
reconnecting to the mains. 

If the live circuit must be worked 
on, it must be operated viaa 1:1 mains 
isolation transformer and have an 
earth leakage circuit breaker (safety 
switch) installed. 

Incidentally, do not try to monitor 
waveforms with an oscilloscope when 
powered from the mains unless you 
know exactly what you are doing. 
(Even then, you must use a scope with 
true differential inputs or mains isola- 
tion transformer.) 


And a final warning! 
The entire circuit of this motor speed 
controller floats at 230VAC. It is poten- 
tially lethal. Do not build it unless you 
know exactly what you are doing. Do 
not touch any part of the circuit while 
power is applied from the mains and 
do not operate the circuit outside its 
earthed metal case or with its lid off. 
This circuit is not suitable for in- 
duction motors or shaded pole motors 
such as those used in fans. 
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Then take it out for a test ride while the sun sets. See it zip around, equipped with a sense of 
sight, sound, smell, speed, heat or cold; or thunder detection, speech recognition. whatever 
you imagine, there's probably a sensor or transceiver click” board that can do it (there's more 
than a LOO available). Just plug one in to add a function. Zero hardware setup. And you choose 
the MCU for the driver's seat. Introducing the Buggy - a dream car for makers and hackers. 


so 
’ = 
www.mikroe.com/buggy. ~~ 
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Teach-in 201 


hy Mike and Richard Tooley 


elcome to Teach-In 2015 — this 
series is aimed at anyone wishing 
to develop a detailed understanding of 
linear discrete semiconductor devices 
and how they are used in a diverse range 
of circuits. We hope you will join us on 
this exciting voyage of discovery. 
Each part of our Teach-In series is 
devoted to a different aspect of discrete 
linear circuit design, such as modelling 


and simulation, measurement and 
testing, noise and distortion. In last 
month’s instalment, the Discover section 
introduced some powerful virtual 
measuring instruments that will generate 
and display test signals. Knowledge Base 
explained hybrid parameters, showing 
you how they can be used to predict the 
performance ofa transistor amplifier. Our 
practical feature— Get Real—described the 


various tests and measurements that we 
carried out on the simple pre-amplifier, 
including voltage, gain, phase shift and 
frequency response. We also showed 
how our prototype performed in relation 
to the original design objective and how 
the simulated performance (using SPICE- 
based software) closely agreed with the 
performance that we measured using 
low-cost virtual instruments. 


Introduction 

In this month’s Get Real we examine 
the design and construction of a simple 
headphone amplifier that can be used to 
boost the output of MP3 players or similar 
portable devices. Discoverintroduces you 
to emitter followers and complementary 


Biased for 
linear mode 
operation 


Output 
signal 


Input signal 


(a) Class A operation 


Biased at 
projected 
cut-off 


Input signal 


(b) Class AB operation 


output stages, while Knowledge Base 
explains the classes of operation used for 
linear amplifiers. Our Special Feature will 
show you how decibels (dB) are used to 
specify a wide variety of parameters in 
electronics, including gain and sound 
pressure level (SPL). 


Biased at zero 
(i.e. no bias) 


\ 


Input signal 


(c) Class B operation 


Bias beyond 
cut-off 


Input signal 


(d) Class C operation 


Fig.3.1 Classes of operation 
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Knowledge Base: 
Classes of 
operation 


In last month’s Teach- 
In 2015, we introduced 
some basic transistor 
amplifier stages desig- 
ned for linear (Class A) 
operation. This month, 
we take a closer look 
at how an amplifier is 
categorised by the class 
in which it is operated 
and how this affects its 
performance in terms of 
linearity, efficiency and 
distortion. 

As explained in Part 
1 (EPE, February 2015) 
amplifiers are usually 
designed to be operated 
with a particular value 
of bias supplied to the 
active devices — for 
example, the transistor. 
For linear operation, 
the active device(s) 
must be operated in 
the linear part of their 
transfer characteristic 
(Vout plotted against V;,) 
as shown in Fig.3.1(a). 
This form of operation 
is known as Class A 
and the bias point is 
usually adjusted to the 
mid-point of the linear 
part of the transfer 
characteristic in order 
to permit the maximum 


Output 
signal 


Output 
signal 
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Table 3.1 Classes of operation for linear and quasi-linear amplifiers 


Class of 


Conduction 


Efficiency 


operation Eizs pein angle (typical) (typical) Application 
A Mid-point (approx.) 360° 5% to 20% | Linear audio amps 
AB Projected cut-off 210° 20% to 40% | Push-pull audio amps 
3 High-efficiency push- 
B At cut-off 180 40% to 70% null audio amplifiers 
. a o, | Radio frequency 
C Beyond cut-off 120 70% to 90% power amplifiers 


possible undistorted output voltage 
swing. Raising the bias point to the 
middle of the transfer characteristic also 
helps to avoid any non-linearity of the 
characteristic that occurs close to the 
zero-axis crossing point. It is important 
to note (especially for issues of efficiency) 
that current will flow in the active devices 
used in a Class A amplifier during a full 
cycle of the signal waveform; at no time 
does the current fall to zero. 

Fig.3.1(b) shows the effect of moving 
the bias point down the transfer 
characteristic and, at the same time, 
increasing the amplitude of the input 
signal. From this, you should notice that 
the negative-going part of the output 
signal has become noticeably distorted. 
This effect arises from the non-linearity 
of the transfer characteristic that occurs 
near the origin (the zero point). Despite 
the obvious non-linearity in the output 
waveform, the active device(s) will 
conduct asmall amount of current during 
a full cycle of the signal waveform. This 
mode of operation is known as ‘Class 
AB’, and it provides reasonable efficiency 
when used in a practical ‘push-pull’ 
amplifier stage where two active devices 
in the output stage operate on alternate 
half-cycles of the waveform. 

Now let’s consider what will happen 
if no bias is applied to the amplifier, as 
depicted in Fig.3.1(c). The output signal 
will only comprise a series of positive 
going half-cycles and the active device(s) 
will only be conducting during half- 
cycles ofthe waveform (ie, they will only 
be operating half ofthe time). This mode 
of operation is known as ‘Class B’ and 
it is commonly used in high-efficiency 
push-pull power amplifiers. 

The input and output waveforms 
for ‘Class C’ operation are shown in 


Fate Fest Invert View Anahpis Intective T&M Took Help 
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Fig.3.1(d). Here the bias point is set at 
beyond the cut-off (zero) point anda very 
large input signal is applied. The output 
waveform will then comprise a series 
of quite sharp positive-going pulses. 
These pulses of current or voltage can be 
applied toatuned circuit load in order to 
recreate a sinusoidal signal. In effect, the 
pulses will excite the tuned circuit and its 
inherent flywheel action will produce a 
sinusoidal output waveform. This mode 
of operation is only used in RF power 
amplifiers that are required to operate 
at very high levels of efficiency. Table 
3.1 summarises the classes of operation 
used in amplifiers. 

Finally, itis worth mentioning that there 
are several other classes of operation in 
which the active devices are operated 
under saturated switching conditions 
rather than in a linear (or quasi-linear) 
mode. These classes of operation are used 
in very high power amplifiers that make 
use of digital switching techniques rather 
than conventional analogue circuitry. 

Fig.3.2 shows a circuit that can be 
used to demonstrate the operation of 
an emitter follower in Class A, AB, and 
B. The model can be entered directly 
in TINA (see EPE, February 2015) or 
it can be downloaded from the EPE 
website at: www.epemag.com. It is worth 
simultaneously observing the input and 
output waveforms (using TINA’s dual 
channel virtual oscilloscope) when 
each mode is selected. The waveforms 
displayed in Fig.3.2 show the result of 
operating the circuit in Class B (notice 
how only positive going half-cycles of 
the signal appear at the output). 


Why is efficiency important? 
There are two very good reasons why the 
efficiency of a power amplifier should be 
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Fig.3.2 TINA model demonstrating operation in Class A, AB and B modes 
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as high as possible. The first relates to the 
drain on the power supply (often a battery) 
and the other relates to the amount of 
heat that a power amplifier produces. In 
the case of power drain it is important to 
remember that, even when no signal is 
present, a Class A or AB, amplifier will 
be consuming current from its supply. For 
example, an amplifier with an efficiency 
of 20% might deliver 1W into a load but 
at the same time it will consume 5W 
from its supply. The difference (4W) 
will be dissipated as heat. Furthermore, 
this 4W will also be consumed when 
no output is produced. The continuous 
heat dissipation may, in turn, result in an 
unacceptable temperature rise and this 
might need to be addressed with the use 
of a substantial heat-sink or other cooling 
arrangement. 

Where the equipment is to be used 
in a wide range of different ambient 
temperatures, additional thermal 
compensation and/or protection might 
be required. Consideration might also 
need to be given to ventilation and air- 
flow. Where equipment is to be operated 
from batteries, efficiency becomes vitally 
important in order to ensure acceptable 
battery life. Because of this, Class B 
operation is frequently used in portable 
items of analogue electronic equipment 
with Class A or AB where a mains or 
external DC supply is available. 


Discover: 
Output stages 


Power amplifiers 

The term ‘power amplifier’ can be applied 
toany amplifier that is designed to deliver 
an appreciable level of power. There 
are several important considerations 
for amplifiers of this type, including 
the ability to deliver current (as well 
as voltage) to a load, and also the need 
to operate with a reasonable degree of 
efficiency (recall that conventional Class 
A amplifiers are inefficient). 


The need for current gain 

The simple amplifier stages that we met 
in the first two instalments of Teach- 
In 2015 provided a moderate amount 
of voltage gain but, in the case of a 
power amplifier, we also need to have 
a significant amount of current gain. To 
help put this into context, consider an 
audio amplifier that is to be designed for 
use with a loudspeaker having a nominal 
impedance of 8Q. To deliver a modest 1W 
of power to this load we would need to 
supply a current of around 350mA at a 
voltage of 2.8V (both RMS values). The 
circuits that we have met thus far could 
be easily adapted to produce a voltage of 
this magnitude, but the current that they 
can supply falls far short of the amount 
that we need. Thereason for this is simply 
that the output impedance ofthe amplifier 
stage is significantly higher than that of 
the load to which they are connected and 
this, in turn, imposes a limitation on the 
amount of current that can be delivered 
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Table 3.2 Data for three commonly available complementary BUT pairs 


Typical common-emitter Maximum collector Maximum collector Package 

current gain (hep) current (Ic) power dissipation style 
BC550 BC560 250 100mA 500mW T092 
BD139 BD140 120 1.5A 12.5W | T0126 
MJE15032 MJE15033 110 8A 50W | T0220 


to it. Fortunately, there is a solution to 
this problem in the form of the emitter 
follower that we’ve already made use 
of in the output stage of our simple pre- 
amplifier stage. 


Emitter followers 

In order to deliver sufficient current to the 
load, power amplifiers must have a very 
low value of output impedance. Thus the 
final stage (or output stage) is usually based 
on a device operating in emitter-follower 
configuration. In order to operate at a 
reasonable level of efficiency, the output 
stage must operate in Class AB or Class B 
mode (see Knowledge Base). One means 
of satisfying both of these requirements 
is with the use of a symmetrical output 
stage based on complementary NPN and 
PNP devices. 


Complementary output stages 

Transistors, whether bipolar junction 
devices (BJT) or field-effect types, are 
available in two basic varieties depending 
upon the polarity of the semiconductor 
material used in their construction. 


Fig.3.3 Simple complementary output stage 


Fig.3.4 A driver stage (TR1) is used to feed in order to produce an 
the complementary output stage formed by 


TR2 and TR3 
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Conventional BJTs, for example, are 
available using either NPN or PNP 
construction. Operation is basically 
the same for both types of device, with 
only the polarity of voltage and current 
reversed. Manufacturers supply arange of 
devices with very similar (ifnot identical) 
characteristics as complementary NPN 
and PNP pairs. For some applications, 
these pairs can also be closely matched 
in terms of current gain and leakage 
current but, for most purposes, ‘off the 
shelf’ devices can be obtained with a 
reasonable degree of confidence that 
the characteristics are matched within 
about +5% or so. Table 3.2 summarises 
the data for three commonly available 
complementary pairs of devices. 
Complementary devices are frequently 
used to realise the output stage of a 
power amplifier where each ofthe paired 
devices operates as an emitter follower to 
provide current (rather than voltage) gain. 
A simple complementary 
output stage is shown in 
Fig.3.3. TR1 is a suitably 
rated NPN device, while 
TR2 is an identically 
rated PNP device. Both 
TR1 and TR2 operate 
as emitter followers, 
with the output taken 
from the two emitters, 
coupled via C2 to the 
load. In order to bias 
TR1 and TR2 into Class 
AB mode, two silicon 
diodes (D1 and D2) 
are used to provide a 
constant voltage drop 
of approximately 1.2V 
between the two bases. 
This voltage drop is 


in order to bring them 
to conduction. Since 
D1 and D2 are both 
in forward conduction 
(with current supplied 
via R1 and R2) they 
have little effect on the 
input signal (apart from 
shifting the DC level). 
Fig.3.4 shows an 
improvement of the 
basic complementary 
output stage with the 
addition of a driver 
stage (TR1) and a means 
of adjusting the bias 
(operating point) of the 
two output transistors. 
VR1is typically adjusted 


15mA and 50mA (required for Class 
AB operation) with no signal applied. 
With VR1 set to minimum resistance, 
the output stage will operate in Class 
B (this will produce significantly more 
cross-over distortion because the two 
devices may both be cut-off for a brief 
period ofeach cycle). Fig.3.5 shows how 
negative feedback bias (via R2) can be 
added in order to stabilise the output 
stage and compensate for variations in 
transistor parameters. 

A practical power amplifier (with some 
representative component values) is 
shown in Fig.3.6. This circuit is capable 
of delivering outputs of up to about 0.5W 
at reasonable quality to a loudspeaker of 
8Q. A second variable resistor (VR2) has 
been added in order to adjust the bias for 
TR1. VR2 is adjusted in order to produce 
a voltage at the emitters of TR2 and TR3 
of exactly half the supply. With TR2 and 
TR3 sharing the supply voltage equally 


required between the Fig.3.5 A complementary amplifier with negative- 
bases of TR1 and TR2 feedback-derived bias 


Half supply 
point 


“ye at 


Output 


output stage collector Fig.3.6.A practical amplifier for low power (less than 


current of between 0.5W output) applications 
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Special Feature: 
Understanding 
decibels (dB) 


Decibels (dB) are a convenient means of 
expressing gain (amplification) and loss 
(attenuation) in electronic circuits. In 
this respect, they are used as a relative 
measure — comparing one voltage with 
another, one current with another, or 
one power with another. In conjunction 
with other units, decibels are sometimes 
also used as an absolute measure. Hence 
dBV are decibels relative to 1V, dBm are 
decibels relative to 1mW, and so on. 


Gain 

The decibel is one-tenth of a bel which, 
in turn, is defined as the logarithm, to 
the base 10, of the ratio of output power 
(Pout) to input power (P;,). We have 
already seen that gain (and loss) may be 
expressed in terms of power, voltage and 
current such that: 


A= tt Alt and A =uat 


in in 


where Aj, Ay or A; is the power, voltage 
or current gain (or loss) expressed as a 
ratio, Pi, and P,,; are the input and output 
powers, Vj, and Voy; are the input and 
output voltages, and Jj, and [,,; are the 
inputand outputcurrents. Note, however, 
that the powers, voltages or currents 
should be expressed in the same units/ 
multiples (eg, P;, and Pj, should both be 
expressed in W, mW, pW or nW). 

It is often more convenient to express 
gains in decibels (rather than as a simple 
ratio) using the following relationships: 


A, =1olan0| A =20lo90( | 


in in 


and A =20e5( | 
In 

Attenuation 

Note thata positive result will be obtained 
whenever Pout, Vout OT Jouris greater than 
Pin, Vout, OF Ionut, respectively. A negative 
result will be obtained whenever Poy, 
Vout» OF Iout is less than Pi,, Vin or Ey. 
A negative result denotes attenuation 
rather than amplification. A negative 
gain is thus equivalent to an attenuation 
(or loss). If desired, the formulae may 
be adapted to produce a positive result 
for attenuation simply by inverting the 
ratios, as shown below: 


= Bn = Vin 
A, =10la3| a A =2loa,( 7 


ad A =2lo( | 


out 


where Ap, A, or A; is the power, voltage 
or current gain (or loss) expressed in 
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decibels, P;, and P,,; are the input and 
output powers, Vj, and Vo, are the 
input and output voltages, and Jj, and 
Igut are the input and output currents. 
Note, again, that the powers, voltages 
or currents should be expressed in the 
same units/multiples (eg, Pi, and Poyt 
should both be expressed in W, mW, 
pW or nW). 

It is worth noting that, for identical 
decibel values, the values of voltage 
and current gain (or loss) can be 
found by taking the square root of the 
corresponding value of power gain. Asan 
example, a voltage gain of 20dB results 
from a voltage ratio of 10 while a power 
gain of 20dB corresponds toa powerratio 
of 100 (ie, 10 times 10). 

Finally, it is essential to note that the 
formulae for voltage and current gain 
are only meaningful when the input 
and output impedances (or resistances) 
are identical. Voltage and current gains 
expressed in decibels are thus only 
valid for matched (constant impedance) 
systems. Table 3.3 gives some useful 
decibel values but, to help put this into 
perspective, here are a few examples: 


Example 1 
An amplifier with matched input and 
output resistances provides an output 
voltage of 1V for an input of 25mV. 
Express the voltage gain of the amplifier 
in decibels. The voltage gain can be 
determined from the formula: 
Ay = 20 logio(Vout/ Vin) 
where V;, = 25mV 
and Vout = 1 V 
thus: A, = 20 log; 9(1V/25mV) 

= 20) log39(40) 

= 20) x3 1) = Sells! 
Example 2 
A matched 600Q attenuator produces an 
output of 1mV when an input of 20mV 
is applied. Determine the attenuation 
in decibels. The attenuation can be 
determined by applying the formula: 
Ay = 20 logio(Vout/ Vin) 
where V;, = 20mV 
and Voy = 1mV 
thus: 
Ay = 20 log;,(20mV/1mV) 

= 20 logi9(20) = 20 x 1.3 
= 26dB (loss) 

Example 3 
An amplifier provides a power gain 
of 33dB. What output power will be 
produced ifan input of 2mW is applied? 


Here we must re-arrange the formula to 
make Poy the subject, as follows: 


Ap = 10 logio(Pout/Pin) 

thus: A,/10 = logio(Pout/Pin) 
or antilog;9(Ap/10) = lle 
Hence 

Pout = Pin x antilog;9(Ap/10) 
Now 


Pi, = 2mW = 20 x 10-3W and A, = 33 
dB, thus: 


Pout = 2 x 1073 antilog;9(33/10) 

= 2x 1073 x antilog;9(3.3) 

= 2x 107% x 1.995 x 103 = 3.99W 
Example 4 
A 600Q driver produces an output power 
of +16dBm. Express this in watts and 


determine the equivalent output voltage. 


The output power (expressed in mW) can 
be determined by applying the formula: 


Pout = 10 x antilog; (16) 
= 39.8mW = 0.0398W 


The RMS voltage (assuming a sine wave) 
can be determined from: 


Vout = V(Pout * Rout) = V(0.0398 x 600) 


= 4.89V 


Table 3.3 Decibel equivalents of power, 
voltage and current ratios 


Decibels Power Voltage Current 
(dB) ratio ratio ratio 
0 1 1 1 
1 1.26 1.12 1.12 
2 1.58 1.26 1.26 
3 2 1.41 1.44 
4 2.51 1.58 1.58 
5 3.16 1.78 1.78 
6 3.98 2 2 
7 5.01 2.24 2.24 
8 6.31 2.91 2.91 
9 7.94 2.82 2.82 
10 10 3.16 3.16 
13 19.95 3.98 3.98 
16 39.81 6.31 6.31 
20 100 10 10 
30 1,000 31.62 | 31.62 
40 10,000 100 100 
50 100,000 316.23 | 316.23 
60 1,000,000 1000 1000 
70 10,000,000 | 3162.3 | 3162.3 
39 


Sound pressure level (SPL) 


Decibels also provide us witha very convenient way of expressing 
sound pressure levels in relation to a standard reference level 


(usually the threshold ofhearing). The human ear has a logarithmic OdB 


response to sound pressure and using a logarithmic ratio helps 
make the numbers smaller and easier to deal with. 


Sound pressure level is defined as: SPL = 20log19(Dyms/ Pref) 


where Prms is the RMS value of sound pressure (measured in 
a unit called the pascal, Pa) and pyer is the reference pressure 
(usually 20)Pa) which represents the average threshold of 
hearing (ie, the smallest noise that can be perceived by the 
human ear). Some representative sound levels (expressed in 
dB relative to an SPL of 20pPa) are shown in Table 3.4. 

It should be noted that the values shown in Table 3.4 are given 
for illustrative purposes only and, in practice they are subject 
to a typical variation of around +10dB. Sound levels of 130dB 
are at the threshold of pain for most people and prolonged 
exposure to sound at these levels is likely to result in irreversible 
damage and subsequent hearing loss. Finally, it is important 
to remember that sound pressure varies with distance from 
the source so it is important to specify the distance when we 
make meaningful sound level measurements. 


it is possible to obtain the maximum 
undistorted output voltage swing. Later in 
Teach-In 2015 we willbe introducing more 
complex power amplifier circuits that are 
able to provide substantially more output 
than this simple arrangement. 


Get Real: A simple 
headphone amp 


Our second Get Real project is designed 
to satisfy the need for a simple means of 
boosting the output of an MP3 player, 
mobile phone, tablet, or similar portable 
device when used with high-quality 
headphones. We will need an amplifier 
offering good linearity, coupled with a 
modest amount of voltage gain capable 
of driving a relatively low impedance 
load and with a frequency response that 
extends over the full audio range, from 
around 20Hz to well over 20kHz. 

Before we get started, and at the 
commencement of any design project, itis 
important to be aware of the characteristics 
and limitations of any device that will be 
used at the input or output of the circuit 
that we are designing. In this particular case 
we need to start with the properties of the 
headphones before attempting to prepare 
an outline specification for the amplifier 
that we will be using to drive them. We 
also need to be aware of the signal that we 
will be using to drive the amplifier which, 
in this case, will be the output of an MP3 
or similar portable audio player. 


Table 3.5 Sound levels typically produced by 
400 headphones with sensitivity of 105dB/mW 


Table 3.4 Representative sound levels expressed in decibels 


Level (relative to 20uPa) Typical 


Threshold of hearing 


10dB 


Quiet bedroom at night 


200B 


Rustling leaves 


30dB 


Quiet urban area at night 


40dB 


Library 


50dB 


Quiet urban area during the day 


60dB 


Normal conversation 


70dB 


Radio or TV audio; motor car at 70 mph 


80dB 


Average factory; diesel lorry at 20 feet 


90dB 


Machinery; motor mower at 10 feet 


1000B 


Large motorcycle; farm tractor 


1100B 
1200B 
1300B 


Power saw; printing press 
Jet engine at 100 feet 
Jet engine at take off 


1400B 


Peak of music output from a rock band 


Most MP3 players (and similar portable 
devices) can happily drive the earphones 
or headphones that they are supplied 
with up to reasonable volume. Such 
headphones usually have an impedance 
up toaround 100Q, with 400 being typical 
and these are driven with voltages of 
up to about 2V RMS. Professional and 
high-quality headphones for the more 
discerning audiophile often have a 
significantly higher impedance (eg, 300Q 
or 600Q) and, because of this, they will 
not generally produce sufficient sound 
output. This limitation can be overcome 
with the aid of an external headphone 
amplifier like the one that we will be 
describing in this article. Headphone 
sensitivity is clearly rather important and 
so it’s worth taking a careful look at this 
parameter and the effect that it might have 
on the amount of signal that we need to 
produce for a particular level of sound. 


Sensitivity 

Headphone sensitivity is usually expressed 
in terms of the sound pressure level 
produced at a specified distance from 
the driver (often 10mm) when a power of 
1mW is applied to the headphones from 
a 1kHz sinusoidal source. The sound 
pressure level is in dB/mW (decibels per 
milliwatt) and ranges from about 95dB/ 
mW to around 110dB/mW. 

It’s worth taking an example to help put 
this into context. Let’s assume that you 
have a typical set of headphones rated at 
105dB/mW with an impedance of 40Q. 
Table 3.5 shows the sound pressure levels 
produced by the headphones and 
the signal levels that would be 
needed to generate them. Notice 
how an increase of around 100 


mW) and instead to quote headphone 
sensitivity in terms of dB/V. This can 
be a little confusing because it yields a 
very different figure in terms of decibels. 
Unfortunately, to find the equivalent 
sensitivity in terms of db/mW requires 
a knowledge of the impedance of the 
headphones. A couple ofexamples might 
help to make this clear. 


Converting sensitivity: dB/mW to dB/V 

As an example, consider the low-cost 
Koss KSC75 ear-clip headphones. These 
unit are rated for an SPL of 101dB/mW. 
Since the impedance of the headphones 
is 60Q the voltage required to produce an 
output of 101dB SPL would be given by: 


V=\(PxR)=v(10°3 x 60) = V(0.06) =0.245V 


The increase (expressed in dB) from 
0.245V to a reference level of 1V is: 


Ay = 20log9(1/0.245) 
= 20 x 0.611 = 12.22dB 


SPL for 1V is thus (101 + 12.22) =113dB. 


Converting sensitivity: dB/mW to dB/V 
The AKG Y50 headphones on the 
other hand are rated at 115dB/V. These 
headphones have a rated impedance of 
32Q and so the power required to produce 
an SPL of 115dB will be given by: 


P=V?/R=12/32=0.031 W = 31mW. 


The difference (expressed in dB) from 
31mW to a reference level of 1mW is: 


Ap = 10log19(1/31) = 10 log;o(0.0323) 
= 10 x(-1.49) =-14.9dB 


Input Sound power level Required signal . : E : 
f: {mW at 1cm) voltage (pk-pk) times signal voltage is required 
Patina (re to produce an increase of 20dB SPLfori1mWisthus(115—14.9)=101.1dB 
10uW 85dB 60mV in SPL and that several volts of 
100uW 950B 180mV signal will be required to generate Maximum SPL and dynamic range 
a loud sound. A very wide dynamic range is essential 
1mw 1050B 570mV In recent years there has been a __ for faithful reproduction of music. This 
10mw 1150B 1.79V move by several of the high-end —_can run from a note which is just audible 
manufacturers to abandon the _ tothe loudest crescendo. Hence, it can be 
100mW 125dB 5.66V traditional measurement (dB/ informative to ascertain just how much 
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Table 3.6 Representative headphone specifications 


Notes 

1. Sensitivity expressed in dB SPL when 
driven with a signal of 1V RMS at 1kHz 
2. These figures are often quoted 

by manufacturers without specified 
reference levels so they should only be 


taken as a rough guide to the headphone 
performance. Wherever possible, it is 
best to refer to a frequency response 


graph like that shown in Fig.3.7. 


this reason, although the sound 
that’s produced might appear to be 


deafeningly loud it might also be rather 
distorted. This is an important point 
that we will be returning to in a future 


instalment of Teach-In 2015. 
Now let’s look at the specifications 


for headphones that we might 
want to use in conjunction with 
our headphone amplifier. Table 3.6 


Headphone Sensitivity Impedance Frequency Driver Max rated 
type (dB/mW) (nom. at1kHz) response (note 2) diam(mm) power 
Sony V55 104dB 400 6Hz to 25kHz 40 1W 
eee 1040B 400 6Hz to 28kHz 40 

eee 108dB 320 5Hz to 30kHz 50 | 3.5W 
Seaheier [41608 [sy | iets 

eee 101dB 60 15Hz to 25kHz 

poner lel 3000 10Hz to 25kHz 40 | 500mw 
‘ire 100dB 350 5Hz to 40kHz 45 2w 

se ana ) 320 16Hz to 24kHz 40 100mwW 


Output (dB) relative to mW at LkHz 


Frequency (Hz) 


Fig.3.7 Typical headphone frequency response 


SPL a particular pair of headphones can 
produce. Taking the AKG Y50 model as 
an example, these produce an SPL of just 
over 101dB for 1mW, so we can infer that 
they will produce around 20dB more 
output with the maximum rated power of 
100mW applied. This is equivalent to an 


SPL of 121dB. 
If you look back 
at Table 3.4 you 
will see that this 
representsthe 
sound level 
created by an 
idling jet engine! 

The Sony V55 
units produce 
a rated SPL 
of 104dB and 
a maximum 
power of 1W. 
This suggests 
that these units 
can reproduce 
a sound level 
of over 130dB, 
equivalent 
to the sound 
produced by the same engine when 
producing maximum thrust! However, 
what they don’t tell you is that the 
distortion produced by headphones (as 
well as amplifiers and loudspeakers 
generally) is liable to increase rapidly 
beyond a certain output level and, for 


Fig.3.8 Complete circuit of the headphone amplifier drawn using 
Circuit Wizard 
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shows a representative selection of 
headphones, ranging in price from 
under £20 to over £200. The typical 
frequency response fora mid-range set of 
headphones is shown in Fig.3.7 (note the 
fall-off below 20Hz and above 10kHz). 


Circuit description 

The complete circuit diagram of the 
headphone amplifier is shown in Fig.3.8. 
The circuit uses three transistors. The first 
stage, Q1 and associated components, 
operates in common-emitter mode and 
provides a voltage gain of approximately 
10 (ample for this particular application). 
This stage is followed byacomplementary 
emitter-follower pair (Q2, Q3) and 
associated components. Base bias for the 
first stage, Q1, is derived from the output 
of the second stage and the feedback 
configuration helps to stabilise the DC 
operating conditions (see Discover). 


Coupling 

The input signal is coupled into the pre- 
amplifier by means of C1 and output 
signal is coupled to the load by means 
of C4. These two capacitors provide DC 
isolation for the headphone amplifier 
so that the DC bias current and voltages 
for Q1, Q2 and Q3 are unaffected by 
whatevers DC conditions are present at 
the input and output. In most cases it 
is expected that, as far as DC levels are 
concerned, the input and output will 
be at ground potential (but this may not 
always be the case). If this is not the case 
then it may become necessary to uprate 
the working voltage and/or polarity of 
the relevant coupling capacitors. Within 
the headphone amplifier, the signal is 
directly coupled from Q1 to Q2 and Q3. 
The lower frequency cut-offis determined 
mainly by the values of C1 and C4, while 
the upper frequency cut-offis determined 
by the value of C2 (using shunt voltage 
negative feedback). The voltage gain may 
be increased by reducing the value of R3 
(without affecting the bias conditions) but 
a voltage gain of 10 should be more than 
adequate for use with most MP3 and other 
portable audio players, and an external 
volume control can easily be fitted at the 
input of the amplifier (see Fig.3.9). 
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Q1 base 


Fig.3.10 
Effect of 
cross-over 
distortion 
on output 
waveform 
(VR2 can be 
adjusted to 
eliminate 
distortion) 


Table 3.7 Outline design specification for headphone amplifier 


Voltage gain 10 (approx.) 


Frequency response 


Better than 10Hz to 20kHz at -3dB 


Input impedance 5kQ (approx) 


Output impedance Less than 40 


Max output 50mW into 15Q at 1kHz with less than 1% THD 
Phase shift 180° at 1kHz (ie, output inverted) 

Supply voltage QV (12V max.) 

Supply current Less than 10mA (no signal), 50mA (max output) 
Distortion Better than 0.2% THD at 1mW into 6000 


Bias adjustment 

As already noted, the bias for Q1 is 
obtained from the output at the junction 
of R4 and R5. This is often referred to 
as the ‘half-supply point’ because the 
DC supply is effectively shared equally 
between Q2 and Q3. Current is fed 
from this point via the bias adjustment 
pre-set, VR1. This control is adjusted in 
order to produce a DC voltage of 4.5V at 
the junction of R4 and R5. The class of 
operation is adjusted by means of VR2. 
This sets the voltage that appears between 
the base of Q2 and Q3 but note that the 
minimum bias voltage between the two 
bases (when VR2 is short-circuit) will 
be approx. 0.6V (defined by the forward 
voltage of silicon diode, D1). 

VR2 is adjusted to produce a small 
current flowing in the collector of Q2 
and Q3. If the bias is set too high, then 
efficiency will be low and battery life 
will be reduced. If set too low, efficiency 
will be high but distortion might be 
appreciable due to the cross-over effect 
as Q2 and Q3 move from conducting to 
non-conducting states. Fig.3.10 shows 
the effect of distortion at the zero axis 
crossing point. The easiest way to adjust 
the output stage current is to connect 
a DC voltmeter across either R4 or R5. 
With no signal, a voltage drop of 5mV 
will correspond to a standing collector 
current of 5mA. It’s worth noting that 


s 


Ry 
RY 
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@ 


Fig.3.11 PCB component layout 
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these two low-value resistors have been 
included to provide some protection for 
Q2 and Q3. As the current flowing in R4 
and R5 increases, the base bias voltage 
for Q2 and Q3 will be correspondingly 
reduced. So, for example, if the emitter 
current in Q2 or Q3 was to increase to 
50mA, the respective base bias voltage 
would be reduced by 50mV, opposing 
the original change and helping to bring 
backthe emitter current to amore modest 
value. We will be looking at this later in 
the series when we introduce thermal 
protection for high power amplifiers. 


Components 

1 PCB, code 906 available from the EPE 
PCB Service, size 52mm x 90mm, 

3 PCB mounting 2-way terminal blocks 
1 PP3 battery connector 

1 PCB mounting miniature jack connector 
(optional) 

1 SPST on/off switch 


Resistors (0.25W, 5%) Capacitors 

1 120kQ (R1) 1 4.7pF (C1) 

2 1kQ (R2, R6) 1 1nF (C2) 

1 100 (R3) 2 470pF (C3, C4) 
2 1 (R4, R5) 

1 220kQ (VR1) 

1 2202 (VR2) 


Semiconductors 


2 BC548B (Q1, Q2) 1 BC558B (Q3) 


Choice of transistor 

We selected BC548B transistors for use 
as the NPN stages (Q1 and Q2) and a 
BC558B for use in the PNP stage (Q3). 
They are all low-cost devices from the 
B-gain group (see Discover in February 
2015, EPE). Many other devices may be 
used in this circuit, but Q2 and Q3 should 
be reasonably closely matched in terms 
of current gain (hpg) and collector current 
rating. As before, it is important to check 
on the device pin-out before making any 
substitution. 


Construction 

Our PCB was designed to be built into 
a small enclosure or incorporated into a 
larger enclosure along with other circuitry 
and it measures just 52mm x 90mm. The 
PCB component layout and copper track 
layout was produced using Circuit Wizard 
(see next month for details) and is shown 
in Figs. 3.11 and 3.12. The board can be 
purchased, ready drilled, from the EPE PCB 
Service, code 906. Our finished prototype, 
ready for testing, is shown in Fig.3.13. 


Next month 

In next month’s Teach-In, Get Real we 
will show you how we used our favourite 
software applications, TINA and Circuit 
Wizard to design, analyse and construct 
the headphone amplifier. If you’ve built 
your own version of our Get Real project 
you will be able to put what you’ve 
learned into practice by following our 
examples and carrying out your own 
measurements. To help you with this, 
Discover will introduce you to distortion 
and distortion measurement. Knowledge 
Base will introduce constant current and 
constant voltage sources and, for good 
measure, our Special Feature will show 
you how you can use Circuit Wizard to 
design your own printed circuit boards. 


Fig.3.13 Completedheadphone amplifier 
ready for testing 


Fig.3.12 PCB track layout 
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by Alan Winstanley 


Hello commander... 


N January’s column I considered 
[:. Windows options available 

to anyone thinking of buying or 
building a new desktop PC. Since then, I 
spent a week or two assembling anew PC 
to handle my spiralling Internet-based 
workload. For an operating system, 
Windows 7 has been a firm favourite 
rather than the unloved Windows 8, 
but Windows 10 (thanks to a numbers 
game, there will be no version 9) is 
scheduled to arrive later this year. Free 
upgrades to W10 for Windows 7 and 
8 users are promised, so I rushed to 
get a copy of Windows 7 Professional 
while I still could. Microsoft has now 
withdrawn mainstream support for 
Windows 7 (see the Windows Lifecycle 
page at http://windows.microsoft.com/ 
en-GB/windows/lifecycle) but don’t 
worry — this popular OS has plenty of 
life in it yet, and disks are still available 
from reputable IT vendors such as Scan 
(scan.co.uk). 

Building a PC is always a nice 
satisfying job, and the new machine 
was soon assembled and purring away 
under the desk. (The full story is on: 
http://bit.lymetwk0415a). My first task 
was to install Avast Anti Virus, after 
which a blizzard of Windows updates 
was downloaded automatically from 
Microsoft’s website. With only one 
exception, a motley bunch of legacy 32- 
bit Windows programs and hardware 
was installed successfully on this 64-bit 
machine. In actual fact, the Windows 7 
setup was very slick and commendably 
smooth. So far, anyway... 

During an upgrade like this, software 
activation codes may be needed 
and printouts of emails with serial 
numbers can be very useful. A few 
programs are tied to a PC and are gone 
forever if the system gets upgraded, 
which can add some _ significant 
costs. Hardware drivers and software 
patches can be downloaded directly 
from the web — but, as usual, beware of 
phony websites. Unfortunately, while 
googling for a driver, a careless mouse- 
click introduced a PUP (Potentially 
Unwanted Program) into my shiny 
new system within the blink of an eye. 
On this occasion, Avast quarantined 
every attempt to install an unwanted 
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Omiga-Plus Search toolbar, which 
tried to hijack my web browser, but I 
still had to deal with some damaged 
Windows shortcuts afterwards. 

After installing the basics, a 
few little Windows productivity 
tweaks followed, starting with the 
indispensable but deprecated Weather, 
Time and CPU Usage widgets (right- 
click the desktop and choose ‘Gadgets’). 
I previously mentioned itsamples. 
com as the source of the W7 Network 
Activity Icon which was installed next, 
along with two more handy tools from 
the same site: Notification Area Cleaner 
deleted some stubborn system tray 
icons and Caps Unlocker, which works 
(most of the time) to reset Capslock 
after a delay. 


...Computer reporting 
A Windows 7 Startup Sound Changer 
was fetched from http:/Awinaero.com/ 
download.php?view.10, so my prefer- 
red startup sound would play (‘Hello 
Commander, Computer Reporting’ 
from Mattel Intellivision’s 1981 Space 
Spartans — download from _http:// 
bit.lymetwk0415b). The program’s 
Russian designer, Sergey Tkachenko, 
offers a very wide variety of small free 
programs and themes for all versions 
of Windows, and his winaero.com 
website is worth a visit. 

Attention then turned to fine- 
tuning Internet Explorer, which can 


Speed up browsing by disabling add-ons. 


Internet Explorer pops up this warning about slow-loading add-ons. Click ‘Choose add- 
ons’ to change it 


become onerous and frustrating. It uses 
Microsoft’s Bing as its default search 
provider, but I found myself switching 
constantly to Google instead. A range of 
IE add-ons offers web surfers a choice of 
search providers, but IE failed to install 
them using Tools/ Manage add- 
ons/ Search Providers/ Find 
more... The only way of installing 
them was to visit the Internet Explorer 
gallery directly at: www.iegallery.com. 
Toolbars can also be enabled or disabled 
via the IE add-ons menu. Unwanted 


toolbars or scanners can sometimes be 
sideloaded into IE without noticing, 
including Ask, McAfee or Google, 
which several websites will try to 
install unless you untick that option. 
As arule, stick to a very small number 
of proven toolbars to prevent IE 
being reduced to a crawl. However, 
an annoying IE pop-up can appear, 
warning that toolbars are slowing 
down the system. ‘Speed up browsing 
by disabling add-ons’, it advises. This 
is the only opportunity users have to 
change the pop-up’s timing: in my 
case the 0.5-second warning stopped 
IE from loading, so next time you see 
this pop-up click ‘Choose Add-ons’ 
and change ‘Tell me when the delay 
exceeds....’ to something greater (eg, 
1.5s). In future the toolbar will load 
without interruption. 

The web has become unrecognisable 
since Internet Explorer arrived twenty 
years ago, downloadable onto a 
floppy disk. Unfortunately, there is no 
substitute for spending time checking 
IE’s myriad settings, including the 
various View menu items and options 
available via the Tools menu. It’s not 
surprising that many users opt for 
a simpler life using Google Chrome 
or Firefox instead. However, new 
Windows 10 will include a slicker, 
lightweight and extensible web 


browser called ‘Spartan’, which can be 
likened more to Google Chrome. 


Choose add-ons Ask me later 


Email choices 
Next on the new PC installation came 
the email setup. Those who manage 
email using a desktop PC are facing 
more limited choices, as online 
services start to dominate everyday 
services. A fellow EPE writer has 
already ditched PC-based email 
software altogether and he handles 
everything online instead. What 
alternatives are there? 

I was delighted that my tried-and- 
trusted Eudora 7.1 worked perfectly 
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on a Windows 7 64-bit machine. After 
copying some folders containing ten 
years’ worth of email onto the new 
PC, Eudora burst into life and was 
instantly sending and receiving mail. 
I enjoy Eudora’s multi-threaded POP3 
collection that fetches half a dozen 
mailboxes at once, its humorous 
UI messages, fast search engine, its 
templates (‘Stationery’) and Eudora’s 
powerful filtering and sorting rules. The 
program is also currently compatible 
with popular web-based mail services. 
It does, however, make a hash of 
forwarding HTML mail, and some 
recipients will see your mail in Times 
New Roman regardless of the typeface 
it was written with, or they may ‘Reply’ 
with a blank email for some reason. If 
this doesn’t matter to you (me neither!), 
Eudora 7.1 is free, fast and dependable 
and is still available on the web — one 
route is via the Wayback Machine at 
http://bit.lynetwk0415c, where a copy 
of the original Eudora website is hosted. 

The heavyweight Microsoft Office 
offers the ubiquitous Outlook with 
calendaring and contact management, 
but this could be overkill for many 
home applications. There are various 
options for Office users, most of which 
are based on a software rental model 
(check your local site for prices): 
Microsoft Office 365 Personal Edition 
is £5.99 a month or £60 a year. It’s 
compatible with Windows 7 or Mac 
OS X 10.6 or later and has cloud- 
based functionality built in, so it can 
be accessed online. Office 365 Home 
(five user) costs nearly £80 a year: 
ouch. Microsoft makes it clear that if 
you cancel your 365 subscription, the 
software de-activates itself after a grace 
period and switches to ‘read only’ until 
you subscribe again. Microsoft Office 
Professional 2013 is the traditional 
PC-based business suite of Word, 
Excel, PowerPoint, OneNote, Outlook, 
Publisher and Access for a once-only 
licence fee. Retail prices for Office 
Professional 2013 vary wildly, so shop 
around. It can be downloaded and a 
serial number is bought separately. 
Many PC users will be happy with the 
free Thunderbird email program, from 
the same stable as Firefox. Thunderbird 
is easy to use and is probably the best 
choice for free PC-based email software 
today. Also check out a free trial of 


Outlook.com 


Fe) Hello world 


Alan Winstanley 16:08 
Inbox 


Drafts Outlook.com is pretty simple to use so bounce along and get your free 


Outlook address today! 


Deleted 


New folder 


This email has been checked for viruses by Avast antivirus software. 


http://www.avast.com 


Your email, contacts's info and more at your fingertips. Get Outlook.com on your mobile phone. 


x Personal Loans 
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- 


Outlook.com from Microsoft offers a free web-based mail service that is also compatible 


with many POP3 email clients 


‘The Bat’ software, which majors on its 
built-in security, available from www. 
ritlabs.com. Whichever program you 
use, if things go wrong a visit to http:// 
mail2web.com offers a fast way of 
checking POP3 mail online, especially 
if you are suffering network problems 
and need to keep an eye on mail. 

For many readers, web-based 
services will be the modern answer 
and they can be accessed via a phone, 
tablet or web browser at home or 
on the go. A simple, free and long- 
established webmail service is offered 
by GMX, which claims 13 million 
customers across the US and Europe. 
GMX is now owned by Germany’s 
United Internet AG — the name behind 
the European host 1&1 and Britain’s 
Fasthosts Ltd. A visit to gmx.com/ 
gmx.co.uk offers more details and a 
free sign-up. The same is true over 
at mail.com, another 1&1 company 
offering similar free mail. 

The main alternatives for consumers 
are Google’s Gmail and Microsoft’s 
equivalent Outlook from outlook.com. 
Both services can now import POP3 
email from another hosted service 
(eg, a domain name’s mailbox), as 
can GMX, so multiple mail addresses 
can be consolidated into one web- 
based account. These services might 
encourage users to move away from 
the idea of traditional computer-based 
email software. In my view, Outlook 
is more user-friendly and reassuring 
to use than Gmail, whose users face a 
daunting range of options and privacy 
questions; so now might be the time 
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for new users to start with an outlook. 
com email address. The toughest 
problem might be finding a username 
that hasn’t already been taken! 

There is no doubt that the technical 
headaches and constant need to manage 
email programs, contacts, security, 
spam and backups on hard disk will 
gradually become a thing of the past, as 
more services are moved onto the cloud. 


Publish your own paperback on 
Amazon 

In last month’s column I suggested 
a route towards publishing one’s 
own material online. If you have the 
makings of a book bursting to get 
out, then marketing an ebook using 
Amazon’s formidable Kindle platform 
is an excellent way of entering the self- 
publishing business. Perhaps you have 
a favourite interest, passion or hobby, 
or just fancy writing, say, childrens’ 
stories or a novel, in which case I 
would encourage anyone to dip their 
toes into the water and start publishing 
their work this way. Compared with 
traditional routes, the start-up cost is 
zero, and even a modest ebook will 
offer authors hands-on experience of 
the entire production and payment 
process from end to end. 

Budding authors are not restricted 
to producing ebooks, though. The 
advent of web-based print-on-demand 
(POD) services has made it possible 
to print and distribute traditional 
paperback books to individual order. 
No longer is it necessary to commit 
to large print runs or wrangle with 
book publishers or literary agents; 
self-published POD services offer 
high quality results in a glued (perfect 
bound) paperback format that can 
be virtually indistinguishable from 
commercial paperbacks. 

Amazon’s POD book printing is 
offered by Createspace. In fact, if you 
start with a paperback book first, 
Createspace will offer to generate a 
Kindle version of it automatically. 
A paperback title is then integrated 
seamlessly into Amazon’s website for 
international distribution through their 
global sites. Furthermore, authors can 
buy copies of their printed books at 
cost price or drop-ship them (ie, order 
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for direct delivery to a recipient) using Createspace’s very 
efficient international distribution. 

Createspace will faithfully print the layout, text, images 
and style of your book exactly as you design it, in full colour 
if specified. Allowances must be made for gutter margin 
and other print aspects, but downloadable templates for 
Microsoft Word make this job very easy. While Createspace 
is quite forgiving about some aspects, a book cover must be 
designed separately to a strict specification and some trial 
and error must be expected before you get it right. 

There is little alternative to looking around Createspace’s 
website and getting a feel for what’s involved. Check out the 
FAQs, pricing, royalty options and US tax implications too. 
After successfully uploading a file and cover image, if it passes 
Createspace’s design criteria, then a proof copy has to be 
purchased so you can make any final adjustments, after which 
your book can go on immediate sale with just a mouse-click. 

Other self-publishing routes include Magcloud, now part 
of Blurb. Originally owned by HP, it uses HP Indigo printers 
to provide POD books and journals to self-publishers, and 
the high-quality, full-colour print produces very professional 
results. From experience, the design process is far more 
rigorous than Createspace and it is aimed more at design 
professionals who use industry-standard software like 
Adobe InDesign and Acrobat for PDF creation. Magcloud 
offers more print options, including spiral Wire-O binding, 
which made it the ideal choice for the Basic Soldering 
Guide Worklab Edition, a layflat wire-bound book that was 
professionally designed for education and training institutes. 


Sign up | Sign in Help | 


Products | Solutions | Create 5S faetloud 


The Basic Soldering Guide Worklab Edition 


Magcloud is a high-quality POD self-publishing site that lets 
professional designers of books, niche magazines and journals 
print and sell their work internationally 


Authors can also drop-ship or buy their own Magcloud 
books at cost price, with various shipping options provided. 
Their service is highly efficient. Unlike Amazon, Magcloud 
leaves it to you to market your book, although it is also 
made available for sale on Magcloud’s website. If you can 
design professional layouts — or know an Adobe freelancer 
who can do it for you — Magcloud is an ideal POD source for 
high quality niche magazines, journals, papers and books. 

Some POD services levy a fee per book to process the 
file and arrange book production and distribution through 
other channels; Bookbaby charges from $579 per project but 
offers worldwide distribution through book stores. Another 
potential POD supplier is LuLu, which dates from 2002 and is 
one of the earliest suppliers in this market. A number of POD 
suppliers will offer the option of selling PDF downloads for 
you as well. With the Internet bringing on-demand printers 
and authors together this way, it’s never been easier to get your 
work into print. 

That’s all for this month’s Net Work. You can contact the 
writer at: alan@epemag.demon.co.uk 


eThe Basic Soldering Guide Handbook (paperback 
version) is now on sale direct from Wimborne Publishing 
Ltd — visit the Online Shop via: www.epemag.com 
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THE NEW 


PICOSCOPE 3000 SERIES 


Up to 200 MHz analog bandwidth 
Deep buffer memory up to 512 MS 
MSO models with 16 digital channels 
2 or 4 analog channels 
1 GS/s real-time sampling 
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Includes serial bus decoding and analysis (CAN, LIN, RS232, I2C, 
12S, SPI, FlexRay), segmented memory, mask testing, spectrum 
analysis, and software development kit (SDK) all as standard, with 
free software updates and five years warranty. 


www.picotech.com/PS438 
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be a problem turns out to be a gem. 

Such an incident happened a few 
months back when EPE reader Gary 
Bleads bought an LCD display for his 
LPLC board, hoping to try out some 
of the demo code. Unfortunately, the 
display didn’t work as expected. As 
he said on the magazine’s web forum: 
‘Has anyone tried the “oscilloscope” 
demo in the October Pic n’ Mix. It sort 
of worked for me, but the oscilloscope 
only filled 1/4 of the screen, the text 
was backwards and the trace was red, 
not blue’. You can see the conversa- 
tion thread here: www.chatzones. 
co.uk/discus/messages/7/15470.html 

Gary had accidentally purchased a 
2.2-inch QVGA LCD module (240 x 
320 pixels) rather than the prescribed 
1.8-inch 128 x 160 pixel display. An 
easy mistake, because they look iden- 
tical. And, by luck, they have very 
similar display controller ICs. 

It looks like a great display, and it 
costs just 84p more than the smaller 
display. I had to get one, so I bought 
two. If you are interested, search eBay 
for ‘2.2” Serial SPI TFT LCD Display 
Module 240 x 320 Chip ILI9340C PCB 
Adapter SD Card’. It currently costs 
£3.85, with free postage. 

Confusingly, the detailed descrip- 
tion of the part states it comes with an 
ILI9341 driver rather than the ILI9340C 
mentioned in the description, but for- 
tunately Gary was able to find further 
details on the Internet, and get the dis- 
play working with the template code. 

The larger display has an extra pin 
— which is a bit of a surprise — it’s a 
data output pin. This could be very 


1 love it when what appears at first to 
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Fig.2. Revised schematic to manage the new display. Note how we added only a 


single pin, the data out signal 


useful, if it actually works — it means 
we may be able to read data back from 
the screen. This will make real-time 
graphics displays faster, possibly. Not 
all display modules actually connect 
this signal from the display chip to the 
edge connect, so we will have to wait 
and see once we have the board wired 
up. Having the pin con- 
nected and labelled on 
the edge connector is a 
positive step though. 
The circuit to drive 
this display is almost 
identical to that for the 
smaller display; we add 
just a single connection 
to the pin for the serial 
read line from the dis- 
play. If you are using the 


Fig.1. The original 1.8- 
inch display alongside 
the new 2.2-inch display; 
the larger display has al- 
most four-times as many 
pixels 


serial peripheral this should be connect- 
ed to the correct input pin — but since 
we are bit-bashing the serial interface 
we can connect it to any I/O pin. The 
pin is specified by a #define in the code, 
so it is easy to change (as long as you are 
bit-bashing). The serial peripheral pins 
are fixed on the IC, so you must wire to 
the correct pins if using it. We did any- 
way, in case we decide to move to the 
hardware peripheral. 

The set of commands supported by 
this display is very similar to that of 
the smaller display. Gary only needed 
to update the initialisation sequence 
function to get it to work, with all the 
existing 2D and text functions operat- 
ing as expected. 

Gary kindly created a ‘driver’ for 
this new display, and we have added 
those files to the template code, which 
is available for download from the 
magazine website. 

To manage the source code files, 
we've taken a simple approach for se- 
lecting the type of display being used 
— you simply remove one and add the 
other into the list of files in your proj- 
ect. For example, select the ‘Project’ 
window, expand the ‘Header Files’ list, 
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right click over the old LCD header file 
and select ‘Remove from Project’. This 
does not delete the file, it just excludes { 
it from the build. You can add the new 

LCD header file by right clicking over 

the ‘Header Files’ heading, and selecting 
‘Add Existing Item’. When you do this 
with your own files, remember to copy 

any new files into the source directory 
first, so all the files are located in one 
sub-directory structure. When changing 

LCD driver files, don’t forget to repeat 

the above steps for the ‘.c’ source file. 


Display update rate 

The drawback of a larger display is that, 
without sophisticated update methods, 
filling the screen with data can take a 
long time. Another reader noticed that 
from power on to a filled display took 
nine seconds — clearly unacceptable. 


So why is this? The main reason is that LCD_SDA= (da 


unlike smartphone displays that are 
connected to their processor by a very } 
high-speed parallel bus, ours connect 
by a relatively slow, two-wire interface 
— the SPI bus. When wired on a prototype board such as in 
our example, the SPI bus clock speed must, unfortunately, be 
kept low due to the long track traces between the processor 
and the LCD. These lengthy tracks introduce capacitance that 
distorts the edges of the data and clock signals, and cross talk 
between the wires that adds noise to the signals, corrupting 
data bits or adding rogue clock pulses. When using a properly 
designed PCB or very short traces it’s possible to significantly 
increase the SPI bus clock speed. The ILI9341 IC can run at up 
to 10MHz — far faster than our current ‘bit-bashed’ interface. 
The bottleneck in our code is nicely contained within a 
single function (shown above right). 
We will pick up on the optimisation of this routine in the 
coming months. 


GUI? 

Such a large display calls out for an attractive graphical user 
interface, or ‘GUI’. Sadly, we have been unable to find any 
software libraries online that provide a GUI for these small 
SPI-based display modules. So, if your project needs a GUI 
then you should choose either a display module supported 
by Microchip’s graphics library, buy a MikroElektronika 
PIC+ display board or roll your own code. The lack of a GUI 
is not a major obstacle, however, as GUIs tend to be used on 


Fig.3. Using the display — the pinout between the two boards 
is virtually identical, while showing four times as much data. 
Both feature an SD Media connector on the rear 
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LCD_SDA= (da 


LCD_SDA= (da 


LCD_SDA= (da 


LCD_SDA= (da 


LCD_SDA= (da 


LCD_SDA= (da 


LCD_SDA= (da 


void LCD_Writ_Bus (unsigned char da) 


& 0x80) ? 1 : 0; LCD_SCK = 0; LCD_SCK = 1; 
& 0x40) ? 1 : 0; LCD_SCK = 0; LCD_SCK = 1; 
& 0x20) ? 1 : 0; LCD_SCK = 0; LCD_SCK = 1; 
& 0x10) ? 1 : 0; LCD_SCK = 0; LCD_SCK = 1; 
& 0x08) ? 1 : 0; LCD_SCK = 0; LCD_SCK = 1; 
& 0x04) ? 1 : 0; LCD_SCK = 0; LCD_SCK = 1; 


& 0x02) ? 1 : 0; LCD_SCK = 0; LCD_SCK = 1; 


& Ox01) ? 1 : 0; LCD_SCK = 0; LCD_SCK = 1; 


more ‘general computing’ platforms, and you are more like- 
ly to use this in a dedicated application with very specific, 
fixed displays — such as our oscilloscope example. 


Next month 

In May’s issue we'll take a look at the PIC32+Wi-Fi module 
from ByVac. It’s a small development board with a smaller 
Wi-Fi ‘dongle’ attachment, at a very reasonable price. The 
processor is preloaded with the company’s own high-speed 
BASIC-like language, which through a mix of compilation 
and interpretation results in an apparently easy-to-use yet 
fast executing language. Intrigued? I’m looking forward to 
putting it through its paces, and finally creating my first 
‘Internet of Things’ device — a remote workshop environ- 
mental monitor. You can take a look at the module here: 
www.byvac.com 


Fig.4. Next month: the ByVac PIC32+Wi-Fi development kit 


Not all of Mike’s technology tinkering and discussion 
makes it to print. You can follow the rest of it on Twitter at 
@MikeHibbett, and from his blog at mjhdesigns.com 


ByVac introduces ByPic and 


Internet of Things 
The BV502 and BV508 is a PIC32 (PIC32MX170F256D) 


¢ Speed 40MHz 
¢RAM 64 kB 
¢ Flash 256 kB 
¢ SPI,I2C,2 x UARTS, ADC 
*Touch pad interface (CTMU) 
¢5Timers, 3 Comparators 
¢ Built in 3.3V regulator 


Both have pre-installed ByPic, the interactive 
operating system. 

The BV502 is a small board that will plug directly into a breadboard. The BV508 comes 
complete with an ESP8266 that will enable direct communication with the internet via 
a home router. Control things from anywhere, join the Internet of Things revolution. The 
ByPic operating system makes this easy to do. 


See what all the fuss is about at: www.byvac.com 
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RPIIOOUT 


nthis, the third ofourtrio ofreviews of 1/0 boards from Zeal Electronics, our resident Raspberry Pi expert, Mike Tooley, 
turns his attention to the RPIGOUT, an optically isolated 16-bit digital output board for the Raspherry Pi. Like the two 


other hoards reviewed in the December 2014 and February 2015 issues, this hoard was designed by Dr Stephen Alsop 
for use in ‘harsh’ and noisy industrial environments. 


Fig.1. The RPI16OUT 16-bit optically isolated output board for 
the Raspberry Pi (to facilitate output connection the basic board, 
as supplied by Zeal electronics, is fitted with the male header 


part of a two-part 3.5mm spacing industrial connector) 
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26-way GPIO bus connectors 


Aux. SPI 
connector 


Configuration 
links 


MCP23S17 1/0 
expander 


Address selection 
links 


Int./ext. +5V link 


External +5V 
power input 


Digital Output 1 


Digital Output 2 


Digital Output 3 


Digital Output 4 


Digital Output 5 


Digital Output 6 


Digital Output 7 


Digital Output 8 


Digital Output 9 


Digital Output 10 


Digital Output 11 


Digital Output 12 


Digital Output 13 


Digital Output 14 


Digital Output 15 


Digital Output 16 


LED status 
indicators 


TLP627-4 quad 
photocoupler 


Fig.2. The RPI16OUT board layout 


The RPI16OUT is one of three high-performance 
optically isolated interface boards for the 
Raspberry Pi from Zeal Electronics Ltd. The 
optical isolation eliminates the problems that 
would normally be associated with outputs and 
inputs that are at different potentials above or 
below the ground potential of the Raspberry 
Pi. A high degree of isolation is important in 
a number of applications, for example when 
switching high-voltage circuits or triggering 
power control devices. Without a high degree of 
output isolation, high potentials and switching 
transients could damage or disrupt the operation 
of the Raspberry Pi. With the RPI160UT board, 
each of the 16 outputs is individually isolated 
from the others, thus minimising the risks of 
component failure, unwanted noise and glitches 
getting back into the computer side of the wiring, 
any of which could result in damage to the 
computer and cause program crashes. 

Fig.1 shows the RPI16OUT 16-bit optically 
isolated output board for the Raspberry Pi (to 
facilitate output connection the basic board, as 
supplied by Zeal electronics, is fitted with the 
male header part of a two-part 3.5mm spacing 
industrial connector) 

The RPI160UT has no less than 16 optically 
isolated outputs — but, if that’s not quite enough 
for your particular application, up to eight 
similar boards can be easily daisy-chained (see 
later) to provide a massive total of 128 optically 
isolated outputs. Each of the 16 outputs can 
provide switching for voltages of up to 100V 
with currents of up to 60mA, sufficient for a 
wide range of loads. With minimal additional 
external circuitry (such as an external power 
driver, solid state or conventional relay) the 
board’s capabilities can be easily extended to 
cope with more demanding loads in terms of 
both voltage and current. As with the other 
boards in the range, the RPI16OUT can be 
used with all current and past versions of the 
Raspberry Pi, including versions 1 and 2; types 
A, A+, Band B+; as well as the new single-board 
industrial Raspberry Pi Compute Module. The 
board also provides compatibility with any 
microprocessor system that has an industry- 
standard SPI interface. 


Optical isolation 

As mentioned in our RPIADCISOL review 
(Dec 2014, EPE) optical isolation of inputs and 
outputs can be instrumental in preventing high 
voltages (from the components being switched 
or monitored) damaging or interfering with the 
Raspberry Pi. For example, inputs could be 
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Fig.3. TheRPI160UT'squadDarlington 
output drivers 


derived from power-switching circuits 
that are several hundred volts above 
ground. 

Without this optical isolation, the 
Raspberry Pi could easily be destroyed. 
Isolation considerably reduces the 
likelihood of impulse voltages and 


spikes getting back into the Raspberry 
Pi, which could cause it to crash or be 
damaged. Isolation is essential whenever 
sensitive electronic equipment like the 
Raspberry Piis used in electrically harsh 
environments such as those found in 
most heavy industries. 

The output opto-isolators fitted to the 
RPI16OUT are quad Darlington TLP627 
output drivers. Usefully, these chips are 
fitted to the board using four low-profile 
16-pin DIL sockets, so they can be easily 
changed if the need ever arises. The 
internal arrangement of the Darlington 
drivers is shown in Fig.3. 

Very sensibly, the RPI160UT's outputs 
are wired to the 3.5mm two-part 
connectors such that each output is made 
available in isolated pairs, arranged such 
that output 1 from the board is on pins 
1 and 2, output 2 from the board is on 
pins 3 and 4, and so on. 


Extending the output capability 
Provided that loads operate from low- 
voltage DC supplies (typically 12V or 


Fig.4. Daisy chained RPI16OUT boards connected to a Raspberry Pi Model B 


Board specification 
Number of outputs 16 optically isolated digital outputs (expandable up to 128 
outputs by adding up to seven further boards) 


Switching capability 16 open-collector drivers for switching loads of up to 100V at 
up to 60mA (the output capability can be easily extended by 
using a wide range of suitably rated relays, contactors and 
power-switching devices — see text) 


5 to 50us max (see note 1) 
15 to 80us max (see note 1) 


Alloutputs use standard 3.5mm industrial plug inscrewterminal 
connectors, arranged in signal/ground pairs (the board is fitted 
with a male header to facilitate connection of the user’s cabling 
via a two-part connector which must be purchased separately) 


Individual LED status indicators for each channel 
1kV max (see note 2) 


Standard Raspberry Pi GPIO for digital |/O and high-speed SPI 
interface with Mode 0,0 and 1,1 


60 x 135mm 
Four 8mm mounting holes at 52 x 127mm 


The Raspberry Pi is connected via a standard 26-way GPIO 
ribbon connector (compatible with all current versions of the 
Raspberry Pi, including the Model A, A+, B and B+) 


+5V at 150mA (may be powered directly from the Raspberry 
Pi +5V bus or from an external +5V supply — see text). 


Turn-on time 
Turn-off time 
Output connectors 


Status indicators 


Voltage isolation 
Interface 


Dimensions 
Mounting 
Bus connector 


Power supply 


Notes 


1. Quoted turn-on and turn-off times are in addition to any delays imposed due to 
program execution. 

2. The figure quoted here is the isolation test voltage. For typical use, the voltage 
present on the output lines should not normally exceed 24V. 
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Fig.5. Configuration links used for 
address selection 


24V) and require a current of no more 
than about 60mA, the RPI16OUT can be 
used to drive a wide range of devices, 
such as low-current relays, indicators 
and contactors. To drive larger loads, 
such as actuators, motors and other 
high-current devices, it will be necessary 
to use an additional external interface. 
This might take the form of a power 
transistor, Darlington driver, solid-state 
relay (SSR), a small relay or miniature 
contactors (see Testing). 


Daisy chaining 
Up to eight of the same RPI160UT boards 
can be daisy-chained (see Fig.4) to give 
8 x 16 = 128 optically isolated outputs. 
In this case, the first board will provide 
inputs 1 to 16, the second board will 
provide inputs 17 to 32 and so on. Each 
board will need to have its own unique 
address within the total address space 
available. For example, the first board will 
have address 000, the second 001, and so 
on. The board address can be set by means 
of three configuration links (see Fig.5). 
When daisy chaining multiple 
RPI6OUT boards, it must be borne in 
mind that, since each board can demand 
up to 150mA of supply current, the 
current drain on the Raspberry Pi’s power 
supply can be excessive. For this reason, 
a suitably rated external 5V DC supply 
should be used and the RPI160UT’s 
supply links (see Fig.6) should be set 
accordingly. 


Auxiliary SPI 

When using other computers or 
microprocessors (eg, Microchip PICs) 
their SPlinterfaces can be connected tothe 
RPI160UT’s auxiliary SPI connector (see 
Fig.2). To avoid damage to the Raspberry 
Pi’s GPIO port, this header should not 
be used if the RPI160UT is already 
connected to a Raspberry Pi. 


Fig.6. External supply connector and 
supply configuration links 
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+5V to +24V 


Load 
(see text) 


RPIL60UT 


Output 


Fig.7. Output load connection 


Documentation - example code 
The RPI16OUT is supplied with an 
extensive and well-illustrated 101-page 
manual that provides full information 
on installing, connecting, using and 
programming the range of boards 
available from Zeal Electronics. The 
manual assumes that the reader has 
some familiarity with the C-programming 
language and, while Cisasomewhat more 
obscure and prescriptive programming 
language than either BASIC or Python, 
a simple web search will provide 
newcomers with access to a vast 
repository of information, tutorials and 
example code. 

The board is most conveniently 
programmed using the Raspberry Pi’s 
built-in C compiler, GCC. Leafpad (or an 
equivalent text editor) will be required 
to write and edit your C source code, but 
all of the other files needed to compile 
an executable program are supplied with 


Listings 


+5V to +24V 


Load 
(see text) 
RP/160UT 


\ Output 
ov 


(b) 


the RPI160UT. They include all relevant 
header files, together with a sample C 
program and an associated make file. 
The code supplied can be freely used in 
any non-commercial applications, within 
education, and for home use as per the 
standard GNU v2 open source license. 
The source code files are efficient and 
commented in such a way as to make 
them easy to use and understand, and 
newcomers to C programming should 
have little difficulty in getting to grips 
with them. 


Output limitations 

Before connecting the board to an 
external load it is very important to be 
aware ofthe limitations of the RPH6OUT 
interms of switched voltage and current. 
The Darlington isolator acts like a 
switch (see Fig.7) and it is connected 
in series with the load, which must 
have a separate supply (this will often 


1. A simple test loop that will turn all of the outputs on and off in turn 


// Set loop range, eg FIRSTOUTPUT = © and LASTOUTPUT = 15 
for (c=FIRSTOUTPUT;c<(LASTOUTPUT+1);c++) { 
// Turn an individual output on 


RPI160UT_ON(c); 
delaymS(500); 


// Hold it on for 0.5s 


// Turn the individual output off 


RPI160UT_OFF(c); 
delaymS(250); 
} // for loop 


// Keep it off for 0.25s 


2. Activate all 16 outputs on the first connected board (usually board 0) 


b = FIRSTOUTPUT/16; 
RPI160UT_ A110N (b) ; 
delaymS(500); 


// b = board address which can range from 0 to 7 
// Turn all first board (b) 
// Delay for 0.5s 


outputs on 


3. Activate alternate outputs on the first connected board (usually board 0) 


RPI160UT_OLATAB_W(b,@xAAAA); // Turn alternate outputs on 


delaymS(300); 


RPI160UT_OLATAB_W(b,0x5555); // Turn adjacent alternate outputs on 


delaymS (300) ; 


4. Send a bit pattern (110011100110011) to the first connected board (usually board 0) 


RPI160UT_OLATAB_W(b, 0b1100111001110011) ; 


delaymS (300) ; 
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// Delay 


// Send 16-bit pattern 


be separate from the Raspberry Pi’s and 
RPIH60UT supplies). While the load 
supply will normally be in the range 
+5V to +24V, it must never exceed the 
maximum allowable, 100V. Furthermore, 
the maximum rated load currentis 6{0mA 
and this suggests that the load resistance 
for various voltages must not be less than 
the values shown in Table 1. The status 
of the output signals can be viewed from 
LED indicators fitted to the board, as 
shown in Fig.8. 

The RPI160UT was tested first with 
several strings of high-brightness LED 
Christmas lights driven directly from 
the Darlington outputs and then with a 
domestic fan motor driven via a small 
Omron 12V DPDT non-latching relay 
having a coil resistance of just over 
1kQ and requiring an operating current 
of around 12mA (see Fig.9). Relays of 
this type are typically rated for DC and 
AC loads of around 60W and 60VA 

respectively. They offer high 
dielectric strength with the 
ability to switch loads typically 
up to 2A at AC voltages of up 
to 250V (DC up to 220V). 


Programming the 
RPI1GOUT 

As with the other two 
Raspberry Pi interface boards 
designed by Dr Stephen Alsop, 
it is quite easy to produce 
working applications for 
the RPI16OUT. That said, 
a working knowledge of C 
programming would be a 
distinct advantage — but, if 
you're not already familiar 
with C there’s plenty on the 
web to help you get started. 


Table 1: Minimum 
recommended load 
resistance for various 
supply voltages 


Minimum 
mi recommended 
PPy load resistance 
+5V 8380 
| + | 1500 
| +12v | 2000 
| +15v | 2500 
[ +24v | 4000 
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+12V Fan motor supply 


Relay | 


1N4004 


1 
RPIIGOUT (60mA max.) 


2 O——— 0"V (of 12 supply) 


Fig.9. Fan motor test circuit using a suitably 


rated miniature relay 


To the left are four brief code fragments 
that will show you just how easily the 
RPI16OUT is programmed. Further 
examples are available by completing 
an email demonstration software request 
from Zeal Electronics at: www.zeal- 
electronics.co.uk/rpi/rpidownloads. 
html. 


Using contactors 

If you intend to use this board in 
conjunction with a 24V heavy duty 
contactor (instead ofa miniature relay) itis 
essential to ensure that the contactor coil is 
aDCtypeandis suitably rated. Many large 
industrial and domestic contactors have 
DC coils with resistance as low as 500 , 
and these require much more current than 
the Darlington outputs of the RPI160UT 
can supply. The solution is to use an 
intermediate relay or (preferably) an 
additional, suitably rated, open-collector 
driver. Contactors with AC coils (which 
have a very low resistance) should never 
be used with boards of this type. 


Other products from Zeal 
Electronics 

In addition to the RPIi6O0UT, Zeal 
Electronics also supply two other high- 
specification optically isolated interface 
cards designed specifically for the 
Raspberry Pi. These boards can all be 
‘daisy chained’ onto the Pi’s GPIO bus 
and can be connected to the 26-way GPIO 
expansion connector in order to provide 
anextended digital I/O capability. We took 
a detailed look at the companion RPI16IN 
and RPIADCISOL isolated interface 
boards in previous issues of EPE. 


Fan motor 


Pricing 

The RPI16OUT is priced at £33 
plus VAT (with 10% discount 
for EPE readers). Bearing in 
mind the advantages of having a 
high degree of output isolation 
and the extensive supporting 
documentation supplied with 
these boards, this represents good 
value for money. Zeal Electronics 
can be contacted at: www.zeal- 
electronics.co.uk/rpi/rpibuy.html 


In conclusion 

Likethe RPIADCISOLandRPPI16IN 
board that we reviewed earlier in 
EPE, this board could be a godsend 
if you find yourself working in an 
environment where a very high degree 
of electrical isolation is essential. But, 
if that’s not the case, the board will still 
give you the added security of knowing 
that your Raspberry Pi has been given the 
benefit ofa very high degree of protection 
from the ravages of the real world. 

The RPI160UT has an excellent 
specification and is well supported with 
liberally commented source code. Under 
test, the board performed exceptionally 
well and readers with only limited C 
programming experience should be able 
to get the board up and running quickly 
and easily. The interface represents good 
value and can be highly recommended for 
use in applications where input/output 
sensors and transducers may not be at true 
ground potential. 


Oops! 

Last, but not least, our thanks go to eagle- 
eyed EPE reader Norman Pomfret who 
spotted that we missed some information 
in our review of the RPIADCISOL 
board. The 3.5mm plug-in connectors 
are separate items and they need to be 
ordered separately. We should perhaps 
reiterate that this is because the Zeal 
Electronics boards make use ofa standard 
industrial two-part connector system 
which is both electrically reliable and 
mechanically stable. The 3.5mm plug- 
in connectors shown in several of our 
illustrations are supplied as separate 
items (at reasonable cost) but they allow 
readers to connect to existing wiring 
looms without having to purchase aboard 
fitted with an unwanted duplicate set 
of plug-in connectors. We are sorry that 
we did not mention this in the review. 
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CIRCUIT_SURGERY 


REGULAR GLINIC 


BY IAN BELL 


Constant current sources - Part 2 


AST month, we started looking 

at current sources in response to 
a post by atferrari in the EPE Chat 
Zone. The question posed by atferrari 
was answered later in the thread, but 
it had highlighted an interesting topic 
for Circuit Surgery to discuss in more 
general terms, which we will continue 
here — we will also look at a specific 
solution. First, a quick reminder of 
atferrari’s post: 


After reading about constant current 
sources, I defined four cases, see 
Fig.1. Current should go up to 250mA. 
Implementing B and C with Fig.2 and 
its counterpart is straightforward, but I 
am not sure how to proceed for A and 
D. I cannot have Rsense referred to 
ground anymore. How should proceed 
without fancy ICs? 


WwW 


source| 


Fig.1. Current source cases from atfer- 
rari’s Chat Zone post (see question text) 


Recap the basics 

We looked at the basic concept of 
current sources, which are perhaps 
less familiar than voltages sources, 
where we have batteries and the mains 
as everyday examples of ‘good’ voltage 
sources. In circuit analysis we often 
make use of ideal voltage and current 
sources to simplify analysis. Ideal 
sources do not exist in the real world, 
they are mathematical constructs only, 
but they are useful. For example, we 
frequently assume the power supply 
of a circuit is an ideal DC voltage 
source. This means we don’t have to 
worry about things like loading effects 
or supply noise, thereby reducing 
analysis effort and complexity. 

Of course, sometimes we are 
interested in the performance of a 
voltage or current source and have to 
consider their non-ideal characteristics. 
The most fundamental of these is the 
internal resistance (see Fig.3), which 
limits the maximum current from 
a voltage source and the maximum 
voltage from a current source. 

As we saw last month, the internal 
resistance, R,,,, of a current source, 
I;, limits its output voltage to I;R;,,, 
(Fig.3), at which point J,,, is zero — the 
larger the value of R,,,, the larger the 
maximum output voltage. For ideal 
current sources R,,,, is infinite and the 
open circuit output voltage is infinite. 
If we short circuit a current source the 
output current is equal to J; and there 
is zero voltage across the source. 

Real current sources may also have 
a limited range of voltages over which 


Fig.2. Schematic from atferrari’s Chat Zone post (see question text) 
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Fig.3. Internal resistance of a real current 
source 


they can operate (sometimes called 
compliance), determined by factors 
other than the internal resistance. 
Typically, these current sources are 
built from active electronic circuits 
using transistors and op amps. 
Particularly for those circuits using 
feedback to maintain the current, the 
internal resistance might be much 
higher than indicated by the current 
supplied at the maximum working 
output voltage (Fig.3). 


Tout = (Vee- Vire) / R 


Fig.4._ Constant current source (sink) 
based on a current mirror — Q1 and Q2 
are matched transistors 


Often, a real current source circuit 
will cut off, or stop acting as a current 
source if the voltage needs to go beyond 
a certain point to maintain the current. 
The ratings and characteristics of the 
circuit structures and components, 
and often the supply voltage, limit 
the voltage range at the output. For 
example, in the basic bipolar transistor 
current source shown in _ Fig.4 
(discussed last month), Q2 will stop 
working correctly if the required output 
voltage is below the minimum voltage 
at Q2’s collector (with it conducting). 
This is its saturation voltage (typically 
about 0.2 to 0.3V). Furthermore, the 
circuit is limited by the maximum 
collector-emitter voltage rating of Q2. 
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Fig.5. Floating load op amp current source 


Op amps 

This month we will move on to look 
at three op-amp-based current source 
circuits, including the one discussed 
in atferrari’s Chat Zone thread. These 
circuits do not constitute an exhaustive 
list of op-amp-based current sources, 
but will provide some insight into the 
variety of techniques available. 

The circuit in Fig.5 is a standard 
inverting op amp amplifier; we can 
regard the feedback resistor as a load to 
which a constant current is supplied if 
the input voltage is held constant. This 
circuit does not conform to one of the 
scenarios in Fig.1 — the load is floating 
— it is not connected to either a supply 
or ground. It is, therefore, not suitable 
for loads which have to have one end 
connected to ground or a supply. 

By virtue of the op amp’s very 
high gain, the inverting input must 
be at a voltage close to zero if the 
output is not to be saturated. Thus, 
the inverting input behaves as if it is 
connected to ground and is known 
as a ‘virtual earth’ or ‘virtual ground’ 
(ie, V, ~ 0). Consider an op amp with 
a gain of 1 million. If the output is, 
Vo = 10V, then V, will be 10pV (V, 
= 10/1,000,000). If V,, is more than a 
few millivolts V, can be reasonably 
approximated to zero without, for 
example, resulting in a significant 
error in calculating I. 

Assuming V, = 0, the current 
through R,y is simply I = V,/R,», 
just as if R,y was actually grounded. 
However, this current does not 
actually flow to ground — it can only 
go to two places: into the op amp or 
through the feedback resistor. If the op 
amp has very high input impedance 
(a reasonable assumption for many op 
amps) and the feedback resistor is not 
excessively large then the vast majority 
of the current will flow through the 
feedback resistor (R,). This current will 
be I= V,,\/Rjy, as previously stated, and 
is therefore independent of the value 
of R,. If Vis held constant the current 
in R, will be nearly constant even for 
quite large variations in R,. 

Variants of the circuit in Fig.5 were 
often used to convert mechanical 
ammeters to read voltage (or some 
other quantity sensed or measured 
as a voltage). The feedback current 
is proportional to the input voltage, 
independent of the meter’s resistance 
and can be scaled as required. Of 
course, electromechanical meters are 
less common now, so perhaps this 
circuit is less widely used. 
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The circuit has the disadvantage that 
the voltage input must supply a current 
equal to I. This can be overcome by 
using another op amp to provide gain/ 
buffering. Alternatively a standard 
non-inverting amplifier will work in a 
similar way (with the feedback resistor 
as the load), but with a high input 
impedance for the controlling voltage. 

The circuit in Fig.5 is not an ideal 
current source. The voltage across the 
load is limited by the output voltage 
range of the op amp (typically up to/ 
close to the supplies). The current will 
not be completely independent of R, 
due to non-ideal operation of the op 
amp. 


Howland current source 

The circuit show in Fig.6 is the basic 
form of a circuit known as a ‘Howland 
current source’ (or Howland current 
pump). The circuit resembles a standard 
op amp differential amplifier; it would 
have the same topology if R, was not 
there. R, is interesting in that it provides 
positive feedback. An advantage of the 
Howland current source is that, unlike 
the circuit in Fig.2, it can either sink or 
source current; which is determined by 
the polarity of V,, in Fig.6. Thus, the 
single circuit covers cases B and C in 
Fig.1. 


Fig.6. Basic Howland current source 


Like the differential amplifier it 
must have matched resistor ratios, in 
this case R,/R, = R,/R, is required. 
In many implementations all four of 
these resistors have the same value. 
Since it is a differential circuit, the 
input voltage V,, is applied between 
the two inputs, rather than referenced 
to ground; but we can also consider the 
voltage on the two inputs separately 
as V, and V,. Furthermore for an op 
amp with very high gain, which is 
not saturated (ie, normal operation), 
we can assume that its input terminal 
voltages are effectively equal (Vy = Vp 
= Vx). This is similar to the idea of the 
virtual earth for the circuit in Fig.5. 

As with the circuit in Fig.5, we 
assume that no current flows into the 
op amp in the circuit in Fig.6 due to 
its high input impedance. Thus the 
current in R, will be the same as the 
current in R,. So we can write: 


I, = (V, -— VxJ/R, = (Vx - Vo)/R, 


This expression is simply Ohm’s law, 
relating voltage across the resistors to 
the current through them. Because the 
resistor ratios are designed to be equal, 
that is R,/R, = R,/R,, we can also write 
this equation as: 


I, = (V; - Vy)/Ry = (Vy- Vol/R, 
The current in R, will be: 

I, = (V,- Vy)/Ry 

And the current in R, is: 

I, = (Vy - V,V/R, 


However, unlike the currents in R, 
and R,, I, and I, are not equal. I, splits 
and flows through R, and R,. Again, 
assuming no current into the op amp, 
Kirchhoff’s Law tells us that J, is equal 
to the sum of L, and J, that is: 


C1, +1, 


Substituting the voltage/resistance 
expressions (from above) for the 
currents into this expression we get: 


(V, - VyxJ/R; = I, + (Vy—- Vo)/Ry 


But looking at the second version of 
our equation for I,, we see (Vy - V,)/R, 
= (V, — Vx)/R;, so we can write this as: 


(V, — Vx)/R; = I, + (V, — Vx)/R; 


Vy cancels in this equation, and then 
we can rearrange it to get: 


I, =(V,- V,J/R; 


Thus, the current in the load does not 
depend on the value of R, and is set by 
the differential input voltage and R,. 


Imperfections 

Like all circuits this has its limits and 
imperfections. One problem is that the 
circuit depends on exact matching of 
the resistor ratios. Precision resistors 
(0.1% or better) should be used, 
otherwise the internal resistance of 
the current source may not be very 
high (it can even be negative). 

A disadvantage of the basic Howland 
current source is its restricted voltage 
range. Vo is larger than the voltage 
across the load, so if the load voltage 


Fig.7. Improved Howland current source 
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needs to increase to maintain the 
current, the op amp will saturate 
before the load voltage is anywhere 
near the supply. The circuit in Fig.7 
is a modified version of the Howland 
current source, which overcomes 
some of the issues with the basic 
design, including the voltage range. 

In the circuit in Fig.7, R, from Fig.5 is 
split into R, and R,. R, is much smaller 
than R,, so the voltage drop across R, in 
Fig.7 is much less than for R, in Fig.6. 
This means that the load voltage is 
much closer to op amp output voltage 
and output range is not ‘wasted’ on the 
R, drop. The circuit in Fig.7 requires the 
resistor ratios to be matched such that: 


R,/R, = R,/(R, + Rs) 


As with the basic circuit, high precision 
resistors must be used to achieve 
accurate matching of these ratios if good 
performance (high internal resistance 
of the current source) is to be achieved. 
In both circuits, it is possible to use 
various trimmer arrangements to allow 
the matching to be adjusted. 


Op amp and transistor 

The circuit in Fig.8 is the simplest 
version of a circuit which fits the 
requirements of atferrari’s question 
in that the load and sense resistors 
are the opposite way round to the 
circuit in Fig.2. The transistor can 
be a replaced by a Darlington pair 
or MOSFET - the basic principles of 
operation are the same. 

The circuit in Fig.8 (and similarly 
Fig.2) is a feedback system that 
regulates the current though the load 
(I.oap) by matching the voltage at the 
sense resistor (Vepycg) to the input 
reference voltage, V,,. The current 
in the load is approximately equal 
to the current in the sense resistor. 
Controlling the voltage across the sense 
resistor controls the current through it 
and therefore also sets the load current. 

As with the other op amp circuits 
discussed, we can assume that the 
voltage between the two op amp inputs 
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Fig.8. Current source with grounded load 


is close to zero. We also assume that no 
current flows into the op amp. The first 
assumption means that the voltage at 
the sense resistor, Venn, is equal to Vj. 
The second assumption means the op 
amp does not load or disturb the voltage 
at the sense resistor. The current is: 


Ttoap = Tsense = (Vsuppiy — Vsense)/Resense 


But: Viv = Veense 


So: Troan = 


(Vs UPPLY ~— in) /Rsense 


As with the other circuits this 
expression shows that the load current 
is independent of R,o>,4p and controlled 
by the input voltage. However, as 
before, this is based on the assumption 
of idealised op amp behaviour, so it 
will not be totally true for a real circuit. 
As the input is connected only to the op 
amp’s non-inverting input, very little 
current is required from the reference 
voltage source. 

The load current and sense resistor 
currents only match approximately 
because of the base current in the 
transistor. This situation can be 
improved by using a pair of transistors 
— Darlington or Sziklai (as in Fig.2) -— 

a MOSFET. The transistor pairs have 
much higher current gain than a single 
transistor, so the effective base current 
is much lower. A MOSFET will have 
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no input current if the voltage at its 
gate is more or less constant. 


Common mode 

The sense resistor is typically arelatively 
low value, if this were not the case then 
it would drop a significant voltage and 
therefore restrict the range of possible 
voltages across the load (required to 
maintain the current as the load varies). 
The transistor’s minimum _ emitter- 
to-collector voltage is the saturation 
voltage, as we discussed for the circuit 
in Fig.4; thus, the maximum voltage 
across the load is a little lower than V,,,. 

The small voltage drop across the 
sense resistor means that Vepyc, and 
Vy are Close to the supply. This means 
that the op amp must be able to cope 
with common-mode inputs close to the 
supply. The term ‘common mode’ refers 
to the fact that it is the voltage at both 
op amp inputs we are concerned about, 
as opposed to the difference between 
them (what it actually amplifies). 
Strictly speaking, the common-mode 
voltage is the average voltage at the two 
inputs, but since we are assuming they 
are effectively equal, we can simply 
take the common-mode voltage as 
being equal to Vepysp or Viv. 

Not all op amps can operate correctly, 
or perform well with common-mode 
inputs close to the supplies, so a device 
specified for ‘rail to rail’ common-mode 
input must be used. The term ‘rail to 
rail’ is also used to describe op amp 
output capabilities, so care is needed 
when checking device specifications. 
The situation is easier with the circuit 
in Fig.2 — the grounded sense resistor 
means that the common-mode input 
voltage is relatively small. 

In this article we looked at three op- 
amp-based current sources. In each 
case, circuit operation is dependent on 
negative feedback. With all feedback 
circuits there is potential for instability 
and practical implementations often 
include a small capacitor (maybe 5pF 
to 10pF) across the feedback resistor 
(where one is present) to improve 
stability. 
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INTERFACE 


By Robert Penfold 


Multi-channel analogue inputs 


HE previous In- 
terface article de- 
scribed a 12-bit 


analogue-to-digital | con- 
verter for the Raspberry Pi 
computer. This was a single-channel 
design based on an MCP3201 chip. 
With the aid of some additional hard- 
ware it would be possible to provide 
the original design with multichan- 
nel operation, and the GPIO port of 
the Raspberry Pi has plenty of outputs 
that could be used to control some an- 
alogue switches. However, this would 
certainly be doing things the hard way, 
since there are multi-channel versions 
of the MCP3201 that have a built-in 
multiplexer. 


Cost-effective approach 
The device versions in question are 
the MCP3204 and MCP3208, which 
respectively provide four and eight 
analogue inputs. Although multichan- 
nel versions of analogue-to-digital 
converters are sometimes relatively 
expensive, in this case there seems to 
be very little difference in price be- 
tween the single and multi-input ver- 
sions. The MCP3204 and MCP3208 
are therefore very cost-effective ways 
of providing a computer with several 
analogue inputs. 

As before, 12-bit resolution is provid- 
ed, giving an output range of 0 to 4095. 
This is sixteen times the resolution of 
an 8-bit converter, which should be 
more than adequate for most real-world 
applications. Of course, the MCP3204 
and MCP3208 each contain only a sin- 
gle analogue-to-digital converter, and 
respectively have built-in four and 
eight-way multiplexers. This means 
that the inputs must be handled one at 
a time, and the maximum conversion 
rate per channel is reduced in 
line with the number of chan- 
nels in use. However, in prac- 
tice it is likely that the software 
rather than the hardware will 
be the limiting factor. 

The chips are capable of a re- 
spectable 100,000 conversions 
per second. Running a Python 
program on a Raspberry Pi it is 
likely that no more than a few 
thousand conversions per sec- 
ond could be achieved. With 
eight channels in operation 
this would be reduced to sev- 
eral hundred conversions per 
second per channel. This is still 
more than adequate for many 


IN (GND) {J 
Vss (Gnd) 


practical measurement and control ap- 
plications. 

On the hardware side of things, all 
three chips use essentially the same 
method of interfacing to the computer. 
They all use a simple three line syn- 
chronous serial interface to initiate 
conversions and clock the data out of 
the chip. The multi-channel chips re- 
quire four bits of data to be sent from 
the computer to select the required 
mode and channel. This informa- 
tion is carried in asynchronous serial 
form by a fourth line. In other words, 
the multi-input chips have a two-way 
synchronous serial link with the com- 
puter, using a common clock signal. 

Whatever version of the Raspberry Pi 
is in use, most of the GPIO port’s input/ 
output lines will still be available for 
other purposes, even if a MCP3208 is 
being used to provide eight 12-bit in- 
puts. A parallel interface equivalent 
would require about sixteen or seven- 
teen input/output lines. Interfacing to 
an MCP3204 or MCP3208 requires only 
four input/output lines, which leaves a 
standard Raspberry Pi with plenty in 
reserve. Serial interfacing is relatively 
slow, and the programming is less 
straightforward, but it is very economic 
in terms of the number of data and con- 
trol lines required. It also avoids the 
necessity for huge ribbon cables. 


Little and large 

Pin functions for the MCP3201, 
MCP3204 and MCP3208 are shown in 
Fig.1. These, respectively, have 8, 14, 
and 16 pin encapsulations, but pins 
5 and 6 of the MCP3204 are unused. 
All three chips are available in various 
case styles, including the ordinary DIL 
(dual in-line) variety. The MCP3201 has 
common analogue and digital ground 


1 VDD (v4) 


1D DATA OUT 
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connections, but the other two chips 
have them available at separate pins. 
In practice, the two ground pins are 
normally just connected together exter- 
nally. 

As pointed out previously, the basic 
method of interfacing to the computer 
is achieved using the same three-line 
method for all three chips, but with an 
additional line for the multichannel 
chips. The negative chip select input 
is taken low to activate the chip, start 
a conversion, and initiate communi- 
cation between the converter and the 
computer. Clock cycles are then ap- 
plied to the clock input, and the serial 
data appears on the data output, start- 
ing with the most-significant bit (D11) 
and working in sequence through to 
the least-significant bit (DO). 


Same difference 

Apart from the number of inputs, 
there are some other significant differ- 
ences on the analogue side of things. 
The MCP3201 has differential inputs, 
albeit with some limitations on the 
negative input. There are no negative 
inputs on the MCP3204 and MCP3208 
chips, but the normal analogue inputs 
can provide a form of differential op- 
eration. This is achieved by using the 
analogue inputs in pairs (CHO/CH1, 
CH2/CHS3...). The MCP3204 can, there- 
fore, have four single-ended inputs, or 
two differential inputs. The MCP3208 
can operate with eight single-ended 
inputs or four differential pairs. 

The required channel and mode 
of operation is selected via four bits 
of data sent to the converter chip’s 
data input via the fourth line. This 
data is sent just after the chip is ac- 
tivated via the negative chip select 
input. The first bit is used to select 


VDD (V+) 
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AGND 
CLOCK 
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DATAIN 
cs 
DGND 


VDD (V+) 
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Fig.1. Connection details for the MCP3201, MCP3204, and MCP3208 (single-, four-, and eight- 
channel converters. The multichannel chips each contain a single analogue-to-digital converter, with 
a built-in multiplexer providing the multiple inputs 
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Fig.2. The timing diagram for the MCP3204 and MCP3208 chips. These use the same three-line con- 
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Fig.4. TL431C regulator con- 
nection details (top view, not a 
transistor-style base view) 


on an MCP3204 is shown in 


nection to the computer as the MCP3201, plus an extra line so that the computer can select the inout Fig.3. This is much the same 


mode and the required channel 


either single-ended or differential 
operation, and the next three bits are 
used to choose the required input. 
Three bits of address information are 
required with the MCP3204, even 
though only two are needed in order 
to address four inputs. The first of 
the address bits is irrelevant, and it 
can be set at either state. 

Fig.2 shows the timing diagram for 
the MCP3204 and MCP3208 converter 
chips. A conversion and reading se- 
quence starts with the chip select in- 
put going through a high-to-low tran- 
sition. The computer then generates 
a clock cycle, places the appropriate 
state on the converter chip’s data in- 
put, and then generates another clock 
cycle. It is this second clock signal that 
results in the bit of data being read by 
the converter. This bit selects differen- 
tial (low) or single-ended (high) opera- 
tion. It is on the low-to-high transition 
of the clock cycle that data is latched 
into the converter chip. 

The same process is repeated on the 
next three clock cycles, with the ad- 
dress data that selects the required in- 
put being transferred to the converter. 
The next clock cycle switches the con- 
verter chip from the read mode into the 
write one, but the first bit of data pro- 
duced on the following clock cycle is a 
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null bit. This is always low and should 
be ignored. It is on the next clock cy- 
cle that the most-significant data bit is 
placed on the converter’s data output. 
This bit is read by the computer, an- 
other clock pulse is generated, bit 10 
is read, and another clock pulse is gen- 
erated, and so on until all twelve bits 
have been read. It is then just a matter 
of returning the chip select input to the 
high state so that the system is ready to 
start another conversion. 


Four-channel circuit 
The circuit diagram for a four-channel 
analogue-to-digital converter based 


as the single-channel circuit 

featured in the previous In- 
terface article, but with the data in- 
put of the converter chip driven from 
GP1024 (pin 18) of the GPIO port. The 
other three connections to the convert- 
er chip are as before, as is the use of a 
TL431C to provide a stable reference 
potential of 2.5V. An input voltage 
range of 0 to 2.5V is therefore obtained 
on all four channels. Interfacing to the 
MCP3208 could use the same method 
of connection. 

The MCP3204 used for IC1 is a MOS 
device, so standard anti-static han- 
dling precautions should be observed. 
Connection details for the TLC431C 
are shown in Fig.4. 


Table 1 

MO A2 Al AO Input mode Channel 

1 0 0 0 Single-ended Cho 

1 0 0 1 Single-ended Chi 

1 0 1 0 Single-ended Ch2 

1 0 1 1 Single-ended Ch3 

0 0 0 0 Differential Ch0+, Ch1- 
0 0 0 1 Differential ChO-, Ch1+ 
0 0 1 0 Differential Ch2+, Ch3- 
0 0 1 1 Differential Ch2-, Ch3+ 


CATHODE 


TL431C 
ANODE 


Fig.3. The circuit diagram for a 12-bit serial analogue-to-digital converter based on a 
MCP3204. It is possible to use the same method of interfacing to the GPIO port if a 


MCP3208 is used 
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In control 

Table 1 shows how the mode and three 
address bits are used to select the re- 
quired input mode and channel when 
using the MCP3204, and when us- 
ing channels 0 to 3 of the MCP3208. 
In order to use channels 4 to 7 of an 
MCP3208, it is just a matter of setting 
A2 high (1) instead of low (0). A2 is 
a so-called ‘don’t care’ bit when us- 
ing the MCP3204, and it can be low or 
high. Even though it serves no useful 
purpose, it must still be included be- 
cause the internal logic circuits of the 
chip expect this bit to be present. 


Software 

The Python program of Listing 1 can be 
used to test the converter. I used this 
program with a converter based on the 
MCP3204, but it should work equally 
well with one based on the MCP3208. 
It is a modified version of the software 
for the MCP3201 that was described 
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Listing 1 


import RPi.GPIO as GPIO 
import time 
PIO.setmode (GPIO.BOARD) 
PIO.setwarnings (False) 
PIO.setup (22, GPIO.OUT) 
PIO.setup (24, GPIO.IN) 
PIO.setup (26, GPIO.OUT) 
PIO.setup (18, GPIO.OUT) 
PIO.output (22, GPIO.HIGH) 
PIO.output (26, GPIO.LOW) 
PIO.output (18, GPIO.HIGH) 
Readings = 0 


QQQQQQANR AAA 


Average = 


while (Readings < 10): 

dataword = 0 
O.output (22, 
O.output (26, 
O.output (26, 
8 


O.output 
O.output ( 
O.output ( 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 


[e) 


O.output (26, G 
O.output (26, G 
O.output (26, G 
O.output (26, G 
PIO.output (26, G 
= GPIO.input ( 
PIO.output (26, G 
PIO.output (26, G 
= GPIO.input (24 
O.output (26, 
PIO.output (26, 
9 = GPIO.input ( 
O.output (26, 
PIO.output (26, 
= GPIO.input ( 
O.output (26, 
O.output (26, 
= GPIO.input ( 
O.output (26, 
O.output (26, 


Or Or 5! (Ose sO” © ©: Or © 


(Se) 


[e) 


SOB aranwyeogartegtaeaageegea 


QMAQANDAANAANAA 


in the previous Interface article. The 
initial section of the program has been 
modified to set GPIO24 (pin 18 of the 
GPIO port) as an output that is used to 
send serial data to the converter chip. 
Reading data from the chip is accom- 
plished in the same way as before, and 
this is the function of the final section. 
It actually takes ten readings in rapid 
succession and then averages them. 
This can help to minimise problems 
with noise on the input signal. 

The middle section of the program 
handles setting the input mode and 
selecting the required channel. First, 
the converter chip is activated, and 
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B6 GPIO.input (24) 
GPIO.output (26, GPIO. 
GPIO.output (26, GPIO. 
B5 GPIO.input (24) 
GPIO.output (26, GPIO. 
GPIO.output (26, GPIO. 
B4 GPIO.input (24) 
GPIO.output (26, GPIO. 
GPIO.output (26, GPIO. 
B3 GPIO.input (24) 
GPIO.output (26, GPIO. 
GPIO.output (26, GPIO. 
B2 GPIO.input (24) 
GPIO.output (26, GPIO. 
GPIO.output (26, GPIO. 
Bl GPIO.input (24) 
GPIO.output (26, GPIO. 
GPIO.output (26, GPIO. 
BO GPIO.input (24) 
GPIO.output (26, GPIO. 
GPIO.output (22, GPIO. 
GPIO.output (18, GPIO. 
if Bll: 
dataword 
if B10: 
dataword 
if B9: 
dataword 
if B8: 
dataword 
if BT: 
dataword 
if Bé: 
dataword = dataword + 64 
af BS 
dataword = dataword 32 
if B4: 
dataword = dataword 
if B3' 
dataword = dataword 
if B2: 
dataword = dataword 
if Bl: 
dataword = dataword 
if B7: 
dataword = dataword + 


dataword + 2048 
dataword + 1024 
dataword + 512 
dataword + 256 


dataword + 128 


Average = Average + dataword 
Readings = Readings + 1 


print (Average/10) 
GPIO.cleanup () 
print ("Finished") 


then the four bits of data are clocked 
into the chip. In this example the first 
bit is high, and single-ended opera- 
tion is therefore produced. The next 
three bits are low, high and _ high, 
which selects channel 3. Remember 
that the most-significant address bit 
(A2) is sent first. When using these 
or any other computer interfacing 
devices, it is advisable to download 
the data sheets from the Internet. The 
MCP3204/8 data sheet includes useful 
information about the limitations of 
the differential input mode, and us- 
ing the separate analogue and digital 
grounds. 
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Reinventing USB 

One of the more useful innovations over the past few 
years has been the widespread deployment of the Uni- 
versal Serial Bus (USB). I think it’s fair to say that some 
of our younger readers would have trouble imagining 
a world without USB — because they don’t remember a 
time before USB! 

Everyone has USB 2.0-enabled devices. Some folks 
even have USB 3.0-enabled devices. But now a new 
type of USB is heading our way — USB Type-C — and 
this next-generation technology is going to make our 
heads spin and blow our socks off. 


The world before USB 

When I was a young engineer in the early 1990s (the 
Dark Ages) we never dreamt of something as wonder- 
ful as USB. We had to battle our way through life using 
a bewildering array of connectors. (see the wonderful 
xked cartoon — http://xkcd.com/1406) 

We had one PS/2 connector for the mouse and another 
for the keyboard, but these devices weren’t interchange- 
able because they used different commands. Next, there 
would be one or two RS-232 serial ports, which would 
be used to connect the computer to a variety of exter- 
nal devices such as scanners, plotters and external mo- 
dems. There would also be a parallel port, which would 
be used to drive a printer, and perhaps a SCSI port for 
use with external storage devices. 

A real downside to a lot of these connectors was that 
they weren’t hot-pluggable; you had to power your com- 
puter down before you connected a device to it. One of 
my chums didn’t believe this to be true — he found out 
the hard way when he plugged a PS/2 keyboard into 
a computer while it was powered up and toasted the 
motherboard. 

Another issue was that computers provided only a 
limited number of ports — two RS-232 connectors if you 
were lucky. If you wished to connect additional devic- 
es, you had to add an expansion card to your machine. 
Plus, if you did connect a new device, you would have 
to install an appropriate driver from a floppy disk. It 
makes my head ache just thinking about it. 


USB 1.0 to 3.1 

In 1994, a group of seven companies (Compaq, DEC, 
IBM, Intel, Microsoft, NEC, and Nortel) came together 
to address these issues. The resulting USB 1.0 standard 
was released in 1996, but there were ‘issues’ and few 
USB 1.0 devices actually made it to the market. Every- 
thing was sorted out by 1998 when USB 1.1 was re- 
leased, and end-users took their first tentative steps into 
the golden age. 

USB 1.x specified data rates of 1.5Mbps (megabits per 
second; Low Speed) and 12Mbps (Full Speed). In 2001, 
the USB 2.0 release boosted this up to 480Mbps (High 
Speed), which was followed by USB 3.0 in 2008, which 
increased the bandwidth to 5Gbps (SuperSpeed), which 
was boosted up to 10Gbps (SuperSpeed+) for the 2013 
USB 3.1 release. 


Beans 


By Max The Magnificent 


USB brings many cool properties to the table. First, 
USB-enabled devices are hot-pluggable, you can con- 
nect them to your computer without having to power 
it down. If you connect a new USB device to your 
computer, the system automatically tracks down and 
installs an appropriate driver. If you run out of USB 
ports, all you need to do is plug in a cheap-and-cheer- 
ful USB hub, and off you go again. And the availability 
of USB has spawned all sorts of innovative products 
— can you imagine life without USB memory sticks? 

However, there is room for improvement. For exam- 
ple, USB plugs are polarised, which means you have 
to work out which side is ‘top’ before plugging it in. 
Also, there are different connectors at each end of the 
cable — speaking of which, the number of connector 
types has proliferated. First there was Type-A and 
Type-B, then Mini-A and Mini-B, and next Micro-A 
and Micro-B. 


Introducing USB Type-C 

For the past few years, the folks at the USB Implement- 
ers Forum (USB-IF) have been beavering away, and 
come up with something rather clever: USB Type-C. 

Let’s start with the physical connector itself, which 
boasts 24-pins, is small (3mm high and 8mm wide), 
and robust (it’s rated for 10,000 mate/de-mate cycles). 
One of the really cool things about this connector is 
that it is non-polarised, which means it will plug in 
either way. Also, this connector will be used on every 
device (PC, tablet, smartphone, camera) and the same 
Type-C plug will appear on both ends of the cable. 

In addition to supporting legacy USB 1.x, 2.0, and 3.x 
modes, the new scheme boasts dual high-speed chan- 
nels that can support two USB 3.1 streams, thereby 
boosting the bandwidth up to 20Gbps. Furthermore, 
these high-speed channels can be used to convey alter- 
nate data modes, such as video (VGA, HDMI, Display 
Port). There are also two ‘side-band’ channels that can 
be used for lower bandwidth vendor-specified data, 
such as an audio stream. 

Also, USB Type-C can deliver up to 100W for faster 
charging. In the case of the simpler power delivery and 
data transmission modes, passive (unintelligent) ca- 
bles may be used. When it comes to the more advanced 
modes, intelligent cables will be required, these will 
contain an electronic ID that can tell other elements 
in the system the cable’s power capacity and the data 
bandwidths it can 
handle. 


Out now! 

USB Type-C was 
demonstrated at 
CES 2015 and 
we can expect to 
see USB Type-C- 
enabled products 
by mid-2015 — I View looking into a surface-mount 


can’t wait! USB Type-C socket 
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History 

On 17 November, 1947 John Bardeen 
and Walter Brattain at AT&T’s Bell 
Labs performed experiments and ob- 
served power amplification ofa signal 
applied to a semiconductor crystal. 
Together with William Shockley they 
had invented the transistor, and in 
1956 the trio were awarded the Nobel 
Prize in Physics ‘for their researches 
on semiconductors and their discovery 
of the transistor effect’. 

So what was in this special crystal 
— silicon? Definitely not — it was ger- 
manium, and for a short period the 
future looked germanium flavoured. 
However, as we all know, there is no 
Germanium Valley and we don’t use 
germanium chips. Commercially, the 
germanium era only lasted from 1957 to 
around 1972, a mere 15 years, and even 
then it was dominant for just a few of 
those years — but it did usher in modern 
electronics —the germanium era was the 


AF178 
(or AF114) 


AF178 
Top view 
4-lead TO12 


AF114 
Top view 


Fig.1. RF Germanium transistors make excellent white noise gener- 
ators. Some often have a ‘spluttery’ noise character, they are useful 
for analogue drum units, since every ‘hit’ sounds different. 
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first stage of the transistor solid-state 
age, which coincided with the moon 
race and the arrival of transistor radios. 


Who still uses germanium? 
Like many lost technologies, germani- 
um devices have their adherents. ‘Who 
would want a temperature-sensitive, 
inconsistent, obsolete, scarce and 
expensive device in their designs?’, I 
hear you ask. Well, it’s the retro-loving, 
valve-hugging music buff! I used to 
call it ‘germania’ — although strictly 
speaking it should be ‘ge-mania’, since 
‘germania’ is simply Latin for Germa- 
ny, the original source of the element’s 
name. Anyway, satisfying the demand 
for ge-manophiles is part of my job, 
and I do my best to give ge-maniacs 
the gear they want! 
It’s difficult to get germanium devic- 
es today. Most are Cold War legacy, 
‘new-old-stock’ from electronic shops 
and specialist component suppliers, 
such as Cyclops, of- 
ten in the north of 
iBy_ooy | England. Because 
the stock can be over 
50 years old, 20% of 
what I buy doesn’t 
even work. Some 
specialist germani- 
um devices are still 
made in the States, 
but for their infra-red 
optical properties 
— not for audio use. 
Apparently, Doug 
Dunlop had some 
wilh made recently for 
40mV,,.. A 
we | ‘Fuzz Face’ guitar ef- 

fect pedals; they must 
have been expensive, 
since the price of raw 
germanium today is 
80x that of silicon. 
Interestingly, the ger- 
manium used to be 
extracted from the 
soot of flue gasses 
of coal-fired power 
stations. There were 
also ores available 


1O0UF 
1009 = tae 


Leaky Ge 
transistor 
(can be cooked) 


Fig.2. Common-base germanium microphone 
pre-amp. Used in the sixties to connect low 
impedance moving-coil microphones _ to 
high-impedance valve inputs. 


from a few conflict zones. It was the 
difficulty in refining high-purity silicon 
at elevated temperatures that initially 
precluded its use, despite it being the 
second most common element in the 
Earth’s crust. In 1958, atypical germani- 
um small-signal transistor cost around 
£1.40 retail (today’s money). 

Ihave some old germanium alloy-dif- 
fused RF transistors (AF128) that 
produce the most sonically interesting 
noise (I suspect there are some radio- 
active contaminants from the coal and 
crystal defects at work here) and I use 
these in analogue drum synthesisers — 
see Fig.1. In theory, germanium-alloy 
transistors, such as the 2N508A, can 
give the lowest voltage noise, giving 
lower noise than silicon planar devices 
with low impedance sources, such 
as ribbon microphones. However the 
poor manufacturing of old devices 
means you would have to manually 
select from a large number to get good 
results. 

In my practical experience, modern 
silicon devices are generally quieter. 
Fig.2 shows a common-base preamp, 
which has a low input and high out- 
put impedance. It uses an AC107, a 
special low-noise germanium transistor 
designed for tape recorders in 1964. 
Hooking it up to a 25Q moving-coil mi- 
crophone gave good results — acting like 
a matching transformer. There are some 
germanium pre-amps and compressors 


metrical clipping action. 


on the market, such as those by Chan- 
dler Ltd. There is renewed interest in 
germanium for heterojunction bipolar 
transistors where germanium is com- 
bined with silicon in the base region 
of the device. They are used in very 
low-noise microwave applications. 


Germanium vs silicon 

The first mass-produced semiconduc- 
tors were germanium point-contact 
diodes, such as the OA81 and OA79. 
I use OA79s in the latest version of 
my Colorsound Single Knob fuzz box, 
see Fig.3. These large-case glass SO-25 
types were then miniaturised down to 
the DO-7 glass-case OA91 and AA119 
devices. There is also a popular US 
germanium diode, the 1N60, which 
is still available, albeit at high cost, 
from companies such as Tayda. Their 
advantage is the low turn-on voltage 
of around 0.25V and their ‘soft knee’, 
the point where forward conduction 
begins. It gives a ‘soft’ distortion when 
used for fuzz boxes. They are also still 
the most sensitive device for crystal 
sets (although gallium-arsenide types 
can have a lower forward voltage). 
Today, these are often replaced by 
the more consistent schottky diodes, 
such as the BAT42, but to a discerning 
guitarist, nothing sounds quite as good 


Diodes 


2.2k0 under test 


aE epE 
at 1kHz 


Oscilloscope 


Fig.4. Clipping circuit to test different diodes 


Fig.3. The earliest mass-produced semiconductor, the point-contact diode. Here, a 1960 OA79 
is used in a Colorsound Single Knob Fuzz effects box, along with a silicon diode to give asym- 
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Fig.6. Transistor test circuit to compare the 
transconductance (base voltage vs collector 
current) of germanium and silicon transistors 


as selected germanium devices. (I find 
musician’s ears are finely tuned to 
distortion changes with level). Fig.4 
shows aclipping circuit using various 
diodes. The resulting waveforms are 
shown in Fig.5. 

With transistors, guitarists can also 
hear the differences between germani- 
um and silicon. You can’t ‘see’ it on a 
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Vpe (MV) — Germanium 


Fig.7. Germanium transconductance curve 


Fig.5. Clipping waveforms of various diodes. 
(Top) 1N4148 silicon compared to OA91 ger- 
manium, note the more rounded shape and 
lower amplitude of the germanium diodes. 
(Bottom) Comparison of silicon with BAT42 
schottky diodes - the schottky diodes have 
lower amplitude, reflecting their lower for- 
ward voltage drop 


‘scope, but open-loop (with no negative 
feedback) they are supposedly more 
linear than silicon, reputedly having 
a less abrupt turn-on. Being a born 
sceptic, I distrusted the curves given in 
previous articles and amplifier books, 
so plotted my own, using the test circuit 
in Fig.6. This resulted in the collector 
current (I,) vs base voltage (V,.) or 
transconductance curves given in Fig.7 
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Fig.8. Silicon transconductance curve 
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Fig.9. Comparison of silicon vs germanium 
transconductance curves 
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Fig.10. Logarithm of collector current vs 
base-emitter voltage gives a straight line 
with silicon. Germanium is the same but 
slope drifts badly with temperature. 

and Fig.8. Using typical germanium 
and silicon audio ‘driver’ transistors 
(NKT214F and BC327), I found the 
germanium ‘knee’ to be only slightly 
softer. Overlaying the curves to take 
into account the different threshold 
voltages shows the difference in Fig.9. 
Both curves follow the usual loga- 
rithmic increase in I, with increasing 
Vpe in accordance with the physics 
of normal bipolar transistor action. I 
started to plot this, logging the current 
to see if] got a straight line, which I did 
(Fig.10) although I did feel like I was 
back at school! (As an aside, it was the 
improved stability of silicon transistors 
that allowed proper logarithmic signal 
conversion, which paved the way for 
Moog’s analogue synthesiser.) 


The Bailey amplifier 

In November 1966, AR Bailey pub- 
lished a transformer-driven class AB 
Hi-Fi amplifier in Wireless World. It 
had low total harmonic distortion and it 
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Fig.11. AR Bailey’s 1966 transistor power amplifier used a driver transformer to give phase 
splitting and deal with leakage currents. Distortion was much worse with silicon transistors. 


used germanium, not silicon transistors 
(see Fig.11). Then, in November 1969, 
John Linsley-Hood published another 
amplifier in Wireless World, and he 
also found lower distortion with ger- 
manium transistors in a standard com- 
mon-emitter amplifier (Fig.12). (I tried 
but couldn’t replicate this result. His 
circuit seemed to clip softer, rounding 
off square waves, but I suspect this was 
due to high internal feedback capaci- 
tances. Of course, the higher open-loop 
gain obtained with multiple silicon 
transistors, means silicon distortion 
can be made much lower when high 
negative feedback is applied.) 


Germanium Hi-Fi 
The first transformerless Hi-Fi amplifier 
was germanium-based, developed by 
HC Lin at RCA in 1956. It used a qua- 
si-complementary output stage with a 
single low-power NPN device, the rare 
2N35 — see Fig.13. The elimination of 
audio transformers was es- 
sential to allow high levels 
of negative feedback and 
the consequent reduction 
of distortion. Later, this 
circuit was developed by 
Toby and Dinsdale for a 
constructor’s version in 
Wireless World in 1961. 
It was actually a rehash 
of a Lin-derived guided 
missile servo amplifier 
they had designed earlier, 
which they found also 
sounded rather good! 


Ge OC83 Gain =31 Distortion =2.5% 
Si 2N697 Gain =40 Distortion =4.5% 


Fig.12. Common-emitter amp for comparing 
silicon and germanium transistors. 
the only UK NPN device available at the 
time — the OC140 — tending to blow up. 
Later, Mullard produced the AC127Z, 
aselected AC127, which had sufficient 
Vo rating. 

That’s all we have space for this month 
— more on Ge-mania in the next issue! 


Fig.13. Power amplifier based on the Lin design from the early 


The single NPN, NOW 4 1960s. The three-lead 2N35 in the silver can (dead centre) was 
2N388A, again caused one of the first NPN germanium transistors, allowing elimina- 
sourcing problems, with tion of transformers in amplifiers. 
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to electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — 
plus a specially written TINA Tutorial). 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 


simulate on your PC. 
Order code ETI3 CD-ROM Bx:-1) 


CD-ROM 


ELECTRONICS TEACH-IN BUNDLE - 


SPECIAL BUNDLE PRICE £14 FOR PARTS 1, 2 & 3 


CD-ROMs 
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Order code ETIBUNDLE 


Bundle Price £14.00 


ELECTRONICS 
TEACH-IN 4 


ELECTRONICS TEACH-IN 4 CD-ROM 


A Broad-Based Introduction to Electronics. 
The Teach-In 4 CD-ROM covers three of the most important 
electronics units that are currently studied in many schools and 
colleges. These include, Edexcel BTEC level 2 awards and the 
electronics units of the new Diploma in Engineering, Level 2. 
The CD-ROM also contains the full Modern Electronics 
Manual, worth £29.95. The Manual contains over 800 pages 
of electronics theory, projects, data, assembly instructions 
and web links. 
A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Order code ETI4 CD-ROM BRs:&:i) 


CD-ROM 
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PiCmicro TUTORIALS AND PROGRAMMING 


PiCmicro Multiprogrammer 
Board and Development Board 


Suitable for use with the three software packages 


listed below 


This flexible PICmicro microcontroller programmer board and 
combination board allows students and professional engineers 
to learn how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40 pin devices from the 12, 16 
and 18 series PlCmicro ranges. For experienced programmers 
all programming software is included in the MLoader utility that 
is free to download when you buy the multiprogrammer board. 
For those who want to learn, choose one or all of the packages 


below to use with the hardware. 


e Makes it easier to develop PlCmicro projects 

e Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 

e Supports PlCmicro microcontrollers with A/D converters 


HARDWARE 


e Fully protected expansion bus for project work 


e USB programmable 


e Compatible with the E-blocks range of accessories 


ASSEMBLY FOR PiCmicro 
V5 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

e@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vlab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PlCmicro showing architecture and functions e 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 
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£167 including VAT and postage, supplied with USB 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 5 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PiCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PiCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 


Te Ta fee Fveten Teak he 


ee ei ee ee) 
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Winimum system requirements for these 
items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 

hard disk space. 
Flowcode will run on XP or later 
operating systems 


cable and free to download programming software 


FLOWCODE FOR 
PiCmicro V6 


Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you 
to design and simulate complex systems in a matter 
of minutes. A powerful language that uses macros 
to facilitate the control of devices like 7-segment 
displays, motor controllers and LCDs. The use 
of macros allows you to control these devices 
without getting bogged down in understanding the 
programming. When used in conjunction with the 
development board this provides a seamless solution 
that allows you to program chips in minutes. 


@ Requires no programming experience 
@ Allows complex PlCmicro applications to be 
designed quickly 
e Uses international standard flow chart symbols 
@ Full on-screen simulation allows debugging and 
speeds up the development process. 
® Facilitates learning via a _ full suite of 
demonstration tutorials 
@ Produces ASM code for a range of 18, 28 and 
40-pin devices 
® 16-bit arithmetic strings and string manipulation 
@ Pulse width modulation 
e@ 12C. 
Please note: Due to popular demand, Flowcode 
PlCmicro, AVR, DSPIC, PIC24 & ARM V6 are now 
available as a download. Please include your email 
address and a username (of your choice) on your or- 
der. A unique download code will then be emailed 
to you. If you require the CDROM as a back-up then 
please add an extra £14 to the price. 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary software system that 
combines circuit design, PCB design, simulation and 
CAD/CAM manufacture in one complete package. 
Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides 
you with all the tools necessary to produce an electronics project 
from start to finish — even including on-screen testing of the PCB 
prior to construction! 


* Circuit diagram design with component library (500 components 
Standard, 1500 components Professional) * Virtual instruments 

(4 Standard, 7 professional) * On-screen animation * Interactive 
circuit diagram simulation * True analogue/digital simulation 
* Simulation of component destruction * PCB Layout * Interactive 
PCB layout simulation * Automatic PCB routing * Gerber export 
* Multi-level zoom (25% to 1000%) * Multiple undo and redo 
* Copy and paste to other software * Multiple document support 


This software can be used with the Jump Start and 
Teach-In 2011 series (and the Teach-In 4 book). 


Standard £61.25 inc. VAT. Professional £75 plus VAT. 


CD-ROM ORDER FORM 


Version required: 

0 Hobbyist/Student 

O Professional 

O Professional 10 user 
O Site licence 


Please send me: 


C1 Assembly for PlCmicro V5 
LK ‘C’ for 16 Series PlCmicro V5 


Note: The software on each version is the same, only the licence for use varies. 


C1 Flowcode for PICmicro V6 (DOWNLOAD ONLY) 
C1 Flowcode for AVR V6 (DOWNLOAD ONLY) 

C1 Flowcode for ARM V6 (DOWNLOAD ONLY) 

LI Flowcode for dsPIC V6 (DOWNLOAD ONLY) 

XO Flowcode for PIC24 V6 (DOWNLOAD ONLY) 


O Circuit Wizard — Standard 


poor) 


esr ney 


LO PlCmicro Multiprogrammer Board and Development Board V4 (hardware) 


GCSE; 
[AVACGUTBRORUGS 


Suitable for any student who is serious about studying and 
who wants to achieve the best grade possible. Each program's 
clear, patient and structured delivery will aid understanding of 

electronics and assist in developing a confident approach to 
answering GCSE questions. The CD-ROM will be invaluable to 
anyone studying electronics, not just GCSE students. 


* Contains comprehensive teaching material to cover 
the National Curriculum syllabus * Regular exercises 
reinforce the teaching points * Retains student interest 
with high quality animation and graphics * Stimulates 
learning through interactive exercises * Provides sample 
examination ques-tions with model solutions * Authored 
by practising teachers * Covers all UK examination board 
syllabuses * Caters for all levels of ability * Useful for self- 
tuition and revision 


Electric Circuits — Logic Gates — Capacitors & Inductors — Relays 
— Transistors — Electric Transducers — Operational Amplifiers — 
Radio Circuits — Test Instruments 


Over 100 different sections under the above headings 


wine T 


UCCESS 


; iTt 
EDULE AVIGRAL St 
QNICS 
a” 
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Minimum system requirements for these CD- 
ROMs: Pentium PC, CD-ROM drive, 32MB 
RAM, 10MB hard disk space. Windows 2000/ 


ME/XP, mouse, sound card, web browser. 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Standard/Student/Basic (Hobbyist) 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for 
airmail postage per order 


Professional, Multiple User and_ Site 
License Versions — overseas readers add 
£5 to the basic price of each order for airmail 


D1 Circuit Wizard — Professional postage (do not add VAT unless you live in an 


LO GCSE Electronics c Loe Ue le EU (European Union) country, then add VAT 
Fi . : : - it 20% or provide your official VAT registration 
CO TINA Design Suite V10 Basic (Hobbyist) HO Teach-In 4 2 
M5) 5 TINA Design Suite V10 (Student) C Teach-In Bundle mnie: 


Send your order to: 
Direct Book Service 
Wimborne Publishing Ltd 
113 Lynwood Drive, Merley, 


sich ann aisha thant enavte POSt GOOG? és-.siecceenaweees TAL NOM iececcnaed ooecnne Wimborne, Dorset BH21 1UU 
Signature: To order by phone ring 
C1 | enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £......... 01202 880299. Fax: 01202 843233 
. t Goods are normally sent within seven days 
LO] Please charge my Visa/Mastercard/Maestro:£.......... 1 : ‘ 
Valid From:.......... Card expiry date:............. 1 E-mail: orders@wimborne.co.uk 
Card ING) 22-csawetetoinencdestndeaecieeaaieaeenee Maestro Issue No. ......... : Online shop: 
Card Security Code.......... (The last 3 digits on or just under the signature strip) : www.epemag .com 
a 
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HI-FI STEREO HEADPHONE. 
AMPLIFIER part 2 
NG 


BUILDING ANB} 


4 
ESOL 
(2) MAKE YOUR OWN PCB - part 3 
USING EAGLECAD SOFTWARE 
— 


ee a 


sum FVERYDAY PRACTICAL 


sw ELECTRONICS 


SAVE 8ip 


yoncomsrn 
Bearer PRACTICAL 
LECTRON 


EVERYDAY PRACTICAL 
== ELECTRONICS 


wep ee 


(ay rx, ciRcurr Suen, TECHNO TALK 


Sip £9.80 


SUBSCRIPTION ORDER 
FORM 


O 6 Months: UK £23.50, Europe £27.00 (Airmail), Rest Of The 
World £37.00 (Airmail) 
O01 Year: UK £43.00, Europe £50.00 (Airmail), Rest Of The 
World £70.00 (Airmail) 
Oi 2 Years: UK £79.50, Europe £95.00 (Airmail), Rest Of The 
World £135.00 (Airmail) 

To: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
Wimborne, Dorset BH21 1UU 
Tel: 01202 880299 Fax: 01202 843233 
E-mail: subs@epemag.wimborne.co.uk 


| enclose payment of £ .............. (cheque/PO in £ sterling 
only), payable to Everyday Practical Electronics 


Oi Please charge my Visa/Mastercard/Maestro 


My: CarcinUimbenSienscscsscesttaccrstesevterestestecnostes otnsessarecsert Senetes 
Please print clearly, and check that you have the number correct 


BS Te TAN = ae ieneneetc canes cerreeenee Ere ante re ntbear rere ser eernreme ns soraereearoa eter 
Card Security Code ..............2 Valid From Date..........:0:::ee 
(The last 3 digits on or just under the signature strip) 


CardiExabace ee Maestro Issue No. ............++ 


OSU CODCircrrecertvetscerecceescvererns MG yeaa raven cvieievsrveaveseoveseeees 


Subscriptions can only start with 
the next available issue. 


WIN AN ATLAS LCR 


ANALYSER WORTH £79 


An Atlas LCR Passive Component Analyser, 
kindly donated by Peak Electronic Design 
Ltd, will be awarded to the author of 
the Letter Of The Month. The Atlas LCR 
automatically measures inductance from |mH 
to 10H, capacitance from I pF to 10,000uF 
and resistance from 1Q to 2MQ with a basic 
accuracy of 1%. www.peakelec.co.uk 


Matt Pulzer addresses some of the general points 
readers have raised. Have you anything interesting to say? 


Drop us a line! 


All letters quoted here have previously been replied to directly Email: editorial@wimborne.co.uk 


wLEVWER OF THE WOW 
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PiCking up after a few decades away from 
electronics 


Dear editor 

Many years ago, I was a keen electronics enthusiast 
and I used to build all sorts of projects using discrete 
components as well as TTL and CMOS chips. (Valves 
too — remember those?!) After being distracted by work 
for several decades, I’ve just retired and would like to 
dust off my soldering iron. 

To help with this, I’ve bought a few recent copies of 
EPE and they certainly contain some very interesting 
projects. Some of the most interesting, however, use 
PIC microcontrollers. I know nothing about these or 
how to load programs into them and Google hasn’t been 
too helpful. I can find suggestions for programmers that 
need serial ports and software that runs under Win 98 
or XP, but frankly I don’t have any computers that old! 
I’ve also found introductory documents to download, 
but these seem to be almost a decade old. 

I’ve searched Amazon for books on the topic, but they 
all appear to be priced at £20+ and to deal mainly with 
learning to write programs for PIC devices. 

I’m totally confused! Where do I start? Surely there 
must be an easy way in, or no one would be interested 
in a ‘simple’ project like the ladybird in a recent issue. 


Keith Wilson, by email 


EPE publisher Mike Kenward replies: 

Hi Keith, and welcome back. Things have moved on a 
bit in the last few years, but we are sure you will enjoy 
using the new devices — if you can still call them new! 
We do sell half a dozen books on PICs, but as you 
have pointed out they are all fairly expensive — see the 
shop on our website for full details. We also sell the 
PICmicro Development Boards and software — again 
quite expensive — but once you have bought the basics 
and gone through the learning curve then, of course, it 
is cheap to build the various projects. 

I’m sure that if you post a question on our Chat Zone 
there will be a number of readers that will offer advice 
on how you might do it for less money. Some EPE 
advertisers and Microchip itself offer a number of quite 
cheap programming boards, so you could also take a 
look at their websites. 

I hope that helps and I’m sure you will get plenty of 
enjoyment from learning all about microcontrollers. 


EPE’s PIC n’ Mix columnist Mike Hibbett replies: 
Starting out in any new venture is always daunting, 
especially when you are at the stage where you are not 
even sure of the correct questions! 


I did a Google search for the phrase ‘beginning PIC 
programming’ and the first link that I received looks 
like a reasonable starting point: 
http://blog.irwellsprings.com/getting-started-with- 
pic-microcontrollers 

I would say follow that one, and if you have any 
questions, raise them on our Chat Zone forum: 
www.chatzones.co.uk/cgi-bin/discus/discus.cgi 

There are many, helpful and friendly people there. 
Your questions will certainly be of interest to other 
people, so don’t be afraid to ask. 

All the best, and I look forward to hearing from you 
on the forum. 


Keith Wilson followed up his first email: 


Dear editor 

Thanks for your very helpful responses to my query 
about PIC micro controllers. Looks like I’ve got some 
reading to do if I’m to catch up on the last decade or 
two of developments in hobby electronics! 

Actually, it should be pretty easy for me to get to 
grips with PIC controllers as, way back in the late 
1970s, I wrote most of the application software 
for a project using some of the very first industrial 
programmable controllers. These were used to 
control a high-density polyethylene plant in what 
was then the USSR. Effectively, my colleagues and 
I worked in machine code — not even assembler — 
and we didn’t have little luxuries like semiconductor 
RAM and ROM memory. 

The machines had memory cards with 48 tiny ferrite 
toroids on them. We programmed them by threading 
enamelled wire of about 1mm diameter through and 
round these toroids — through if we wanted a binary 
1, and round for a binary 0. The word length was 12 
bits, and each card could accommodate 256 instruction 
words. The total capacity for each controller was 1,024 
words. 

Just as the project was finishing, we received some 
RAM cards which were a great help to program 
development as we could enter code from an enormous 
teletype machine rather than having to ‘knit’ it onto 
the memory cards — although the ‘knitting’ still had to 
be done once the code had been proved as we had no 
non-volatile semiconductor memory. 

The only problem with those early RAM cards was 
that their current consumption was huge — we had to 
connect them to car batteries for them to retain their 
contents over a weekend! The mains PSUs always got 
hot — they were designed for 220V supplies rather than 
240V — so we didn’t dare leave them on when there was 
no one in the factory! 


Everyday Practical Electronics, April 2015 


PCB mystery 


Dear editor 
Cleaning up my drawers, I found three PCBs I bought many 
years ago from EPE. One is labelled as ‘220a’, another ‘221’ 
and the third has no inscription (however, I think it is 
related to the previous). 

What can I do with them? Is there a file explaining its 
design? 


Christian Vauge, by email 


Alan Winstanley replies: 

If you search for those numbers in our Online Shop at: www. 
epemag.wimborne.co.uk/acatalog then the project titles are 
displayed (~1999), assuming they are one and the same. 


220a is a Wireless Monitoring System Transmitter (February 
1999) 


221 is a Time & Date Generator (March 1999) 


I guess the unmarked one is a Receiver PCB (219a?) for 
220a. 


Please note this information is unchecked and is subject 
to positive identification. It would be necessary to 
acquire reprints of the original constructional articles. 
We don’t usually provide back issues from so long ago 
and unfortunately we can’t offer technical support for old 
projects, but someone may be able to help you by checking 
our forum at: www.chatzones.co.uk. 


Jacob’s Ladder components 


Dear editor 

Thank you for the interesting article on Jacob’s Ladder, 
EPE, April 2014. I would like to build this project — do 
Jaycar offer a kit for the high-energy ignition module on 
which the project is based. 

Given the lack ofa kit, could you possibly suggest a local 
or UK supplier that may stock these, and what seem to me 
(of somewhat older school), more specialised components 
such as the IGBT Q1 (ISL9V5036P3) and the 13.6V TVS. 

Any leads you may have in this regard would be much 
appreciated. 


Stephen O’Neill, by email 


Matt Pulzer replies: 
Unfortunately there isn’t a kit for this project — I wish there 
were! 


We did think carefully before running this project because 
we could see that sourcing some of the parts was a non- 
trivial exercise. On the other hand, we felt that it was 
sufficiently unusual and fun to be worth the extra effort. 
You can get some of the parts from Silicon Chip: 
www.siliconchip.com.au/Shop/7/1410 


And the PCB from Wimborne, the publisher of EPE. 

The transformer is possibly the trickiest bit to obtain, but 
you can get it from eBay, I think the article text is clear 
about what to look for. 


Farnell do a cheap 13.6V TVS: 
http://uk.farnell.com/on-semiconductor/1-5ke16ag/diode- 
tvs-1-5kw-13-6v-unidir-axial/dp/2317519?Ntt=2317519 


As always, Chat Zone is the best place to go to if you need to 
source something tricky: www.chatzones.co.uk. 


Betty’s still flashing! 

Dear editor 

‘Betty’s Flasher’ — just a line to let you know I built this 
project in (published in EPE) September 2004. It is still 
flashing, although at a slower rate — I’m very impressed. 


John Williams, by email 
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Matt Pulzer replies: 
One of Thomas Scarborough’s many inspired Ingenuity 
Unlimited submissions — great to hear it’s still running! 


Congratulations on 50 PE years 


Dear editor 

Thank goodness you remembered — I almost thought that your 
half-century landmark might have passed without anything 
more than a whisper among us readers. I especially remember 
PE and the early 60s and 70s articles. In fact, I have a collection 
that is still in my attic that ran from the first issue to the last of 
1982. My favourite articles were the PE Analogue Computer 
(PEAC) of D Bollen (1968/9) and the Nucleonics series by ML 
Michaelis (1967/8). Also, the excellent stock market game by 
BH Baily (December 1968) which was published in the days 
when digital electronic projects were rare. To these authors 
who turned my textbooks into real life and practical projects, 
I owe my thanks. In fact, PE helped launch my career through 
university, a PhD in solid-state physics and has always been 
with me throughout my academic and brief industrial career 
up until my retirement. Sadly, I did not have the time to build 
many of the projects — not until the 80s, when I built one of the 
first DMMs from the advertised kit and later the PE Ranger CB 
radio transceiver, which got me back into ham radio. 

I have often wondered whatever happened to those great 
authors whom I so admired. Unlike your sister PW which 
had occasional articles about its early pioneers — FG Rayer 
and FC Judd to name just two — PE is rather lacking in this 
respect, which is, after all, our history and heritage. Why not 
do some research and produce some articles on them and let 
us pay tribute to Bollen, Michaelis, Hirst et al. The latter’s 
PE Communications Receiver (1969) in a plug-in modular 
construction chassis was way above most commercial sets 
in, specs even by today’s standards. 

Having said that, a general call should be made for 
constructors who have built or improved on those early 
projects and — perhaps, who knows? — gather them into a 
PE 50 Years Museum. Now that’s an ambitious project. I 
still have many parts gathered for the PEAC which never 
took off and well, any volunteers who might want to build 
and/or redesign the discrete early 2N2926 Bollen PEAC op 
amps from scratch? Perhaps someone may still have a PEAC 
built lying around in the garage that can be used for solving 
interesting differential equations. 


Tuck Choy, by email 


Matt Pulzer replies: 

Thank you for your tribute to PE, the Museum idea is a 
fantastic one. Plus, it would be instructive and great fun to 
see those early projects running via YouTube. 


Project file location 


Dear editor 
What should I do to get PCB artwork and code files? 


Christiannn van Wyk, by email 


Alan Winstanley replies: 

The way that our source code and PCB files evolved over 
the years has become messy to handle, so I recently created 
a new Help page which will hopefully explain the score for 
projects past and present. For more details, please visit: 
www.epemag.com/library-help. html 

If you know the month and year of publication then you 
can download a .zip file from the corresponding issue’s web 
page. The Library or Projects web links on the EPE website 
will lead you there. 

Legacy source codes for the oldest projects (1996-2008) 
are downloadable from www.epemag.net, a_ separate 
website that I run myself in support of EPE. 

Please note that PCB artwork PDFs before approximately 
the March 2006 issue are not available for download, and 
from the July 2013 issue, PCB artwork for 8-digit code PCB 
artwork is available free to EPE subscribers, or to non- 
subscribers for a modest cost. Details are available from 
enquiries@wimborne.co.uk. If you can’t find a specific 
project please drop me a line and I'll try to help 


67 


DIRECT BOOK SERVICE 


THEORY AND 
REFERENCE 


PRACTICAL ELECTRONICS HANDBOOK - 
Fifth Edition. lan Sinclair 


440 pages Order code NE21 £32.50 


starting | 
Electronics 


STARTING ELECTRONICS - 4th Edition 


Keith Brindley 
Order code NE100 £18.99 


296 pages 
ELECTRONIC CIRCUITS - FUNDAMENTALS & 
APPLICATIONS - Third Edition Mike Tooley 


400 pages Order code TF43 £25.99 


FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES - Third Edition C.R. Robertson 


368 pages Order code TF47 £21.99 
A BEGINNER’S GUIDE TO TTL DIGITAL ICs 

R.A. Penfold 

142 pages OUT OF PRINT BP332 £5.45 
UNDERSTANDING ELECTRONIC CONTROL 
SYSTEMS 

Owen Bishop 

228 pages Order code NE35 £36.99 
68 


Order code AW1 


CONSTRUCTION 


IC 555 PROJECTS 
E. A. Parr 


167 pages 


Order code BP44 £5.49 


ELECTRONIC PROJECT BUILDING 
FOR BEGINNERS R. A. Penfold 


135 pages Order code BP392 £5.99 
PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

132 pages Order code BP374 £5.45 


The books listed have been selected by 
Everyday Practical Electronics editorial 
staff as being of special interest to 
everyone involved in electronics and 
computing. They are supplied by mail 
order direct to your door. Full ordering 
details are given on the next page. 


FOR A FULL DESCRIPTION 
OF THESE BOOKS AND 
CD-ROMS SEE THE SHOP 


ON OUR WEBSITE 
www.epemag.com 


All prices include 
UK postage 


INTERFACING PIC MICROCONTROLLERS - 
SECOND EDITION Martin Bates 


298 pages Order code NE48 £34.99 


PROGRAMMING 16-BIT PIC 
MICROCONTROLLERS IN C 

- LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA) 


496 pages +CD-ROM Order code NE45 £38.00 


INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 


222 pages Order code NE31 £29.99 
THE PIC MICROCONTROLLER 

YOUR PERSONAL INTRODUCTORY COURSE - 
THIRD EDITION. John Morton 


270 pages Order code NE36 £25.00 


PIC IN PRACTICE (2nd Edition) 
David W. Smith 
308 pages Order code NE39 £24.99 


MICROCONTROLLER COOKBOOK 
Mike James 


240 pages Order code NE26 £36.99 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the world 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send 
a PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or 
card details, Visa, Mastercard or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING 
LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 
For a full description of these books please see the shop on our website. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs@wimborne.co.uk 


Order from our online shop at: www.epemag.com 
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FAULT FINDING 
AND TEST 


EQUIPMENT 


GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 


Order code BP239 £5.49 


PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 


Robin Pain 
Order code NE22 £41.99 


96 pages 


274 pages 


HOW ELECTRONIC THINGS WORK - AND WHAT 
TO DO WHEN THEY DON’T 
Robert Goodman 


394 pages Order code MGH3 £21.99 


OSCILLOSCOPES - FIFTH EDITION 
lan Hickman 


288 pages Order code NE37 £36.99 
HOW TO USE OSCILLOSCOPES AND OTHER TEST 
EQUIPMENT 
R.A. Penfold 
104 pages £5.49 


AUDIO & VIDEO 


VALVE AMPLIFIERS - Second Edition 


Morgan Jones 


Order code NE33 £40.99 


BUILDING VALVE AMPLIFIERS 
Morgan Jones 


288 pages 


368 pages Order code NE40 £29.00 
QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

60 pages Order code PC119 £7.45 


MAKING MUSIC WITH YOUR COMPUTER 
Stephen Bennett 


92 pages 210.95 
QUICK GUIDE TO DIGITAL AUDIO RECORDING 
lan Waugh 

208 pages £7.95 
ELECTRONIC PROJECTS FOR VIDEO 
ENTHUSIASTS 

R.A. Penfold 

109 pages ea 
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COMPUTING AND ROBOTICS 


NEWNES INTERFACING COMPANION 
Tony Fischer-Cripps 


Order code NE38 £41.00 


HOW TO BUILD A COMPUTER MADE EASY 


R.A. Penfold 
120 pages Order code BP707 £8.49 


EASY PC CASE MODDING 
R.A. Penfold 


192 pages + CDROM Order code BP542 £8.99 


FREE DOWNLOADS TO PEP-UP AND PROTECT 


295 pages 


YOUR PC 
R.A. Penfold 
128 pages Order code BP722 £7.99 


WINDOWS XP EXPLAINED 
N. Kantaris and P.R.M. Oliver 


264 pages Order code BP514 £7.99 


THE INTERNET - TWEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages Order code BP721 £7.99 
eBAY - TWEAKS, TIPS AND TRICKS 


R. A. Penfold 
Order code BP716 £7.50 


AN INTRODUCTION TO eBAY FOR THE OLDER 
GENERATION 
Cherry Nixon 


120 pages 


128 pages 


£9.49 
ELECTRONICS 


TEACH-IN 5 


ELECTRONICS TEACH-IN 5 


Jump Start — 15 design and build 
circuit projects dedicated to new- 
comers or those following courses 
in school and colleges. The projects 
are: Moisture Detector, Quiz Machine, Battery Voltage Check- 
er, Solar-Powered Charger, Versatile Theft Alarm, Spooky 
Circuits, Frost Alarm, Mini Christmas Lights, iPod Speaker, 
Logic Probe, DC Motor Controller, Egg Timer, Signal Injector 
Probe, Simple Radio Receiver, Temperature Alarm. 


PLUS: 


PIC’ N MIX — starting out with PIC Microcontrollers and PRAC- 
TICALLY SPEAKING — the techniques of project construction. 


FREE CD-ROM - The free CD-ROM is the complete 
Teach-In 2 book providing a practical introduction to PIC 
Microprocessors plus MikroElektronika, Microchip and 
L-Tek PoScope software. 


160 Pages Order code ETI5 £8.99 


COMPUTING FOR THE OLDER GENERATION 


Jim Gatenby 
308 pages Order code BP601 £8.99 


ANDROIDS, ROBOTS AND ANIMATRONS 
Second Edition - John lovine 


224 pages £16.99 
ROBOT BUILDERS COOKBOOK 

Owen Bishop 

366 pages Order code NE46 £26.00 
INTRODUCING ROBOTICS WITH LEGO 
MINDSTORMS 

Robert Penfold 

288 pages + £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


298 pages Order code BP902 £14.99 


HOW TO FIX YOUR PC PROBLEMS 


R. A. Penfold 
Order code BP705 £8.49 


128 pages 
WINDOWS 7 - TWEAKS, TIPS AND TRICKS 


Andrew Edney 
Order code BP708 £8.49 


GETTING STARTED IN COMPUTING FOR 
THE OLDER GENERATION 


Jim Gatenby 
120 pages Order code BP704 £8.49 


WINDOWS 8.1 EXPLAINED 
Noel Kantaris 


180 Pages Order code BP747 £10.99 


120 pages 


RASPBERRY Pi 


RASPBERRY Pi MANUAL: A practical guide to 
the revolutionary small computer 


Order code H001 £17.99 
RASPBERRY Pi USER-GUIDE - Third Edition 
262 pages Order code JW001 £16.99 
PROGRAMMING THE RASPBERRY Pi 
192 pages Order code MGH4 £10.99 


GETTING STARTED WITH RASPBERRY Pi 


Order code ORO1 £11.50 


176 pages 


164 pages 


BOOK ORDER FORM 


UMMM AMG Fev cocstcineeciseimeies centvacneeren ected eandes 


ACONOSS 8 svssevcsecvesceveausd sera ssaveceuvds tesdusctesa dete. carteaess 


Post code: ............ 


SIQMALUNO cassette tees teh Pla i pt las 


weieaikieviatl Telephone No? ....... cece cece ee eee 


(1 | enclose cheque/PO payable to DIRECT BOOK SERVICE for £ 


LO Please charge my card £ 


Card Number 


Please continue on separate sheet of paper if necessary 
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PCB SERVICE 2: 


a 


CHECK US OUT ON THE WEB <; 


fe a 3 


Basic printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, and 
are drilled and roller tinned, but all holes are a standard size. They are not silk- 
screened, nor do they have solder resist. Double-sided boards are NOT plated 
through hole and will require ‘vias’ and some components soldering to both 
sides. * NOTE: PCBs from the July 2013 issue with eight digit codes have silk 
screen overlays and, where applicable, are double-sided, plated through-hole, 
with solder masks, they are similar to the photos in the relevent project articles. 

All prices include VAT and postage and packing. Add £2 per board 
for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne.co.uk. 
On-line Shop: www.epemag.com. Cheques should be crossed and made payable 
to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
— overseas readers allow extra if ordered by surface mail. 


Back numbers or photocopies of articles are available if required — see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS. 


LAKAI PMD Reel ik 


Crriak co% 
Champion 
Simple 1.5A Switching Regulator 


PERE Ce 
2.5GHz 12-Digit Frequency Counter — Display PCB 
— Main PCB 
— Front Panel 
High-Energy Electronic Ignition System 
Mobile Phone LOUD Ringer! 


KDI k co 
Extremely accurate GPS 1pps Timebase For A 
Frequency Counter 
Infrasound Detector — Pre CHAMP PCB 

— CHAMP PCB 
Automatic Points Controller (inc. 2 sensor PCBs) 
Automatic Points Controller — Frog Relay 


SRC 

A Capacitor Discharge Unit For Twin-Coil 
Points Motors 

Deluxe GPS 1pp Timebase For Frequency 
Counters 

Jacob's Ladder 


KE Co 
The CLASSiC-D +35V DC-DC Converter 


Bahco 


1109121/2 
18102121 


04111122 
04111121 
04111123 
05110121 
12110121 


04103131 
01107941 
01102941 
09103132 
09103133 


09203131 


04104131 
05110121 


11104131 


Mini Audio Mixer 01106131 
Cranial Electrical Stimulation Unit 99101111 
Teach-In 2014 — Part 9 Pi Camera Light 905 


Geko 

Verstile 10-Channel Remote Control Receiver 
IR to 433MHz UHF Transceiver 

Li'l Pulser Model Train Controller Main PCB 


— Front & Rear Panel Set 


15106131 
15106132 
09107134 


09107132 
09107133 


PK co/ 

Active RF Detector Probe For DMMs 

Infrared To UHF Converter 

UHF To Infrared Converter 

Revised 10-Channel Remote Control Receiver 
PCBirdies 

USB Port Voltage Checker 

iPod Charger Adaptor 


hide co” 

Build An AM Radio 
LED Ladybird 
Lifesaver For Lithium or SLA Batteries 
Do Not Disturb Phone Timer 
Riko 
SiDRADIO 


04107131 
15107131 
15107132 
15106133 
08104131 
24107131 
14108131 


06101121 
08103131 
11108131 
12104131 


06109131 
06109132 
06109133 
01309111 


— Main PCB 
— Front & Rear Panel Set 


Hi-Fi Stereo Headphone Amplifier — Part 1 
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TEARS RMD inesal of 


BRK oo 
GPS Tracker 


tell co” 


05112131 


PortaPAL-D — Main PCB 01111131 
— Microphone Input 01111132 
— Guitar Input 01111133, 


Electronic Bellbird 


Cask OX 
“Tiny Tim” Stereo Amplifier 
— Power supply 


08112131 


01309111 
18110131 


5X 


Audio Delay For PA Systems 01110131 
Teach-In 2015 — Part 1 905 


Kt OK 


Stereo Echo & Reverb Unit 
Super Smooth, Full-range, 10A/230V Speed 
Controller for Universal Motors 


OOK, 
A Rubidium Frequency Standard For A Song 04105141 
USB/RS-232C Interface 07103141 
Teach-In 2015 — Part 3 906 


01110131 
10102141 


* See NOTE left regarding PCBs with eight digit codes * 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and others 
previously published can be downloaded free from the Library on our website, 
accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards can 
also be downloaded from our website (www.epemag.com); go to the 
‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


| enclose payment of £ 


Everyday Practical 
Electronics 


Catd Norns Scie «hee ee de oR datas ee bc a ib che 
Valid From Expiry Date 
Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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Everyday Practical Electronics 

reaches more UK readers than 
any other UK monthly hobby 
electronics magazine, our sales 


figures prove it. 


We have been the leading 
monthly magazine in this 
market for the last 
twenty-six years. 


ADVERTISEMENTS 


If you want your advertisements to be seen by the largest readership at the most 
economical price our classified page offers excellent value. The rate for semi-display 
space is £10 (+VAT) per centimetre high, with a minimum height of 2-5cm. All semi- 
display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 
(+VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. 
VAT must be added. Advertisements, together with remittance, should be sent 
to Everyday Practical Electronics Advertisements, 113 Lynwood Drive, Merley, 
Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified 
advertising please contact our Advertisement Manager, Stewart Kearn as above. 


Robot Bits 


Robots, Arduino & more! 


a 
tS 


www.RobotBits.co.uk 


0845 5 191 282 


MISCELLANEOUS 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 
All major credit cards accepted 
Web: www.bowood-electronics.co.uk 


Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire S40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


BTEC ELECTRONICS 


TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 
20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


CRICKLEWOOD ELECTRONICS ........ 
ESR ELECTRONIC COMPONENTS ...... 
JPG ELECTRONIGS sie odss chen tna dusts. ned dee wis 
AB CENMER: soa ace aanceent daarca ag tiredscas 
LASER BUSINESS SYSTEMS ............ 
L-TEK. POSCOPE is -ticned atechoie Bieta 
MICROCHIP ici tect.tie bopevtidag acd abodes 
MIKROELEKTRONIKA............000. 
NIGELS COMPUTER REPAIRS .......... 
PEAK ELECTRONIC DESIGN ............ 
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ADVERTISE HERE 
FOR JUST £50 +WAT 


CALL 
STEWART KEARN 
ON 01202 880299 


STEWART.KEARN@WIMBORNE.CO.UK 


ADVERTISERS INDEX 


KITS, TOOLS, COMPONENTS. S.A.E. 
Catalogue. SIR-KIT ELECTRONICS, 52 
Severn Road, Clacton, CO15 3RB, http:// 
sir-kit.webs.com 


PIC DEVELOPMENT KITS, DTMF kits and 
modules, CTCSS Encoder and Decoder/ 
Display kits. Visit www.cstech.co.uk 


VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books 
and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774. 


A eaite d nnceaaence aac 5 PICO TECHNOLOGY .......0.0 0.000000 cee eee ee 45 
eee naee ee ane eae 72 QUASAR ELECTRONICS ........00 0000. c cece ee eee 2/3 
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re 72 ADVERTISEMENT OFFICES: 
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son eseanvons Cover (iii) For editorial address and phone numbers see page 7 
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Next Month 


Low-cost precision 10V DC reference for checking DMMs 

Ever checked the calibration of your digital multimeter? OK, we ‘know’ you probably 
haven't because there’s no easy or cheap way of doing it. But now you can, with our low- 
cost precision 10.000V DC voltage reference, accurate to within =5mV or +0.05%. 


Deluxe Fan Speed Controller 

Got a ceiling fan or pedestal fan? With limited speed settings they are often too fast or two slow. 
This non-switched controller gives you continuous speed control and it even doubles up as a 
dimmer for desk and reading lamps up to 60W. 


Phantasmagorical RGB LED Strip Driver 
This small module drives up to six RGB (red/green/blue) flexible LED strips to produce a 
rainbow of colours in multiple eye-catching patterns! 


Teach-In 2015 — Part 4 
In May’s Teach-In 2015, we will show you how we used our favourite software applications — TINA 
and Circuit Wizard — to design, analyse and construct the headphone amplifier. Plus, we'll cover 


distortion and constant current sources. 


MAY ’15 ISSUE ON SALE 2 APRIL 2015 


Content may be subject to change 


LAYOUT 
create : electronics 


Open Monday to Friday 9am to 5:30pm 


And Saturday 9:30am to 5pm F 1 7 | SPECIAL PRICE 


to celebrate our anniversary! 

- Aerials, Satellite Dishes & LCD Brackets 
- Audio Adaptors, Connectors & Leads 
- BT, Broadband, Network & USB Leads 
+ Computer Memory, Hard Drives & Parts 
- DJ Equipment, Lighting & Supplies 
- Extensive Electronic Components 

- ICs, Project Boxes, Relays & Resistors . ae ’ Complete SMD 
- Raspberry Pi & Arduino Products ia ' Workstation: 
+ Replacement Laptop Power Supplies XM , 
- Batteries, Fuses, Glue, Tools & Lots more... 


T: 01246 211 202 

E: sales@jpgelectronics.com j * including VAT. Shipping 
JPG Electronics, Shaw’s Row, = = = costs not eed ; 
Old Road, Chesterfield, S40 2RB save over rd Nia PUTED SSE: 


Ry of individual items 
W: www.jpgelectronics.com € 50 | 
e 


5 @ JPG Electronics 
k @ Maison Mes Amis 


Britannia 
Inn @ 


Old Road 


2 
Ly e@ Rose & Crown, e Nenncone 


00 
“6 ott Re 
ah 5 
Morrisons 


ei... Nw Electronics 


Retail & Trade Welcome ° Free Parking * Google St View Tour: S40 2RB 


Published on approximately the first Thursday of each month by Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. Printed in England by Acorn Web Offset Ltd., Normanton, 
WF6 1TW. Distributed by Seymour, 86 Newman St., London W1T 3EX. Subscriptions INLAND: £23.50 (6 months); £43.00 (12 months); £79.50 (2 years). EUROPE: airmail service, £27.00 (6 months); £50.00 
(12 months); £95.00 (2 years). REST OF THE WORLD: airmail service, £37.00 (6 months); £70.00 (12 months); £135.00 (2 years). Payments payable to “Everyday Practical Electronics”, Subs Dept, Wimborne 
Publishing Ltd. Email: subs@epemag.wimborne.co.uk. EVERYDAY PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the Publishers first 
having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold, hired out or otherwise 
disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever. 


SPECIAL OFFERS 
for full sales list 


Used Equipment - GUARANTEED 
All items supplied as tested in our Lab 


www.stewart-of-reading.co.uk 


‘ 5 Fs 2 
check our website Check out our website, 1,000’s of items in stock Prices plus Carriage and VAT 
IFR 2025 Signal Generator 9kHz - 2.51GHZ Opt 04/11 £1,250 Tektronix 2430A Oscilloscope Dual Trace 150MHZ 100MS/S £350 
Fluke/Philips PM3092 Oscilloscope 2+2 Channel 200MHZ Delay etc £295 Tektronix 2465B Oscilloscope 4 Channel 400MHZ £600 
HP34401A Digital Multimeter 6.5 digit £325 R&S APN62 Syn Function Generator 1HZ-260KHZ £225 
Agilent E4407B Spectrum Analyser 100HZ - 26.5GHZ £5,000 R&S DPSP RF Step Attenuator 139dB £300 
HP3325A Synthesised Function Generator £195 R&S SMR40 Signal Generator 10MHZ - 40GHZ with Options £13,000 
HP3561A Dynamic Signal Analyser £650 Cirrus CL254 Sound Level Meter with Calibrator £40 
HP3581A Wave Analyser 15HZ - 50KHZ £250 Farnell AP60/50 PSU 0-60V 0-50A 1KW Switch Mode £195 
HP3585B Spectrum Analyser 20HZ - 40MHZ £1,500 Farnell H60/50 PSU 0-60V 0-50A £500 
HP53131A Universal Counter 3GHZ £600 Farnell B30/10 PSU 30V 10A Variable No Meters £45 
HIPS361 B Pulse/Microwave Counter 26.5GHZ £1,250 Farnell B30/20 PSU 30V 20A Variable No Meters £75 

| HP54600B Oscilloscope 100MHZ 20MS/S from £125 | Farnell XA35/2T PSU 0-35V 0-2A Twice Digital £75 
HP54615B Oscilloscope 2 Channel 500MHZ 1GS/S £650 Farnell LF1 Sine/sq Oscillator 10HZ-1 MHZ £45 
HP6032A PSU 0-60V 0-50A 1000W £750 Racal 1991 Counter/Timer 160MHZ 9 Digit £150 
HP6622A PSU 0-20V 4A Twice or 0-50V 2A Twice £350 Racal 2101 Counter 20GHZ LED £295 
HP6624A PSU 4 Outputs £350 Racal 9300 True RMS Millivoltmeter 5HZ-20MHZ etc £45 
HP6632B PSU 0-20V 0-5A £195 Racal 9300B As 9300 £75 
HP6644A PSU 0-60V 3.5A £400 Black Star Orion Colour Bar Generator RGB & Video £30 
HP6654A PSU 0-60V 0-9A £500 Black Star 1325 Counter Timer 1.3GHZ £85 
HP8341A Synthesised Sweep Generator 10MHZ-20GHZ £2,000 Ferrograph RTS2 Test Set £50 
HP83731A Synthesised Signal Generator 1-20GHZ £2,500 Fluke 97 Scopemeter 2 Channel 50MHZ 25MS/S £75 
HP8484A Power Sensor 0.01-18GHZ 3nW-10uW £125 Fluke 99B Scopemeter 2 Channel 100MHZ 5GS/S £125 
HP8560A Spectrum Analyser Synthesised 50HZ - 2.9GHZ £1,950 Fluke PM5420 TV Gen Multi Outputs £600 
HP8560E Spectrum Analyser Synthesised 30HZ - 2.9GHZ £2,400 Gould J3B Sine/sq Oscillator 10HZ-100KHZ Low Distortion £60 
HP8563A Spectrum Analyser Synthesised 9KHZ-22GHZ £2,750 Gould OS250B Oscillator Dual Trace 15MHZ £50 
HP8566B Spectrum Analsyer 100HZ-22GHZ £1,600 Gigatronics 7100 Synthesised Signal Generator 10MHZ-20GHZ £1,950 
HP8662A RF Generator 10KHZ - 1280MHZ £1,000 Panasonic VP7705A Wow & Flutter Meter £60 
HP8970B Noise Figure Meter £750 Panasonic VP8401B TV Signal Generator Multi Outputs £75 
HP33120A Function Generator 100 microHZ-15MHZ - no moulding handle £295 Pendulum CNT90 — Timer Counter Analyser 20GHZ £995 
Marconi 2022E Synthesised AM/FM Signal Generator 10KHZ-1.01GHZ £325 Seaward Nova PAT Tester £125 
Marconi 2024 Synthesised Signal Generator 9KHZ-2.4GHZ £800 Solartron 7150 6 1/2 Digit DMM True RMS IEEE £65 
Marconi 2030 Synthesised Signal Generator 10KHZ-1.35GHZ £750 Solartron 7150 Plus as 7150 plus Temp Measurement £75 
Marconi 2305 Modulation Meter £250 Solatron 7075 DMM 7 1/2 Digit £60 
Marconi 2440 Counter 20GHZ £295 Solatron 1253 Gain Phase Analyser 1mHZ-20KHZ £750 
Marconi 2945 Communications Test Set Various Options £2,500 Tasakago TM035-2 PSU 0-35V 0-2A 2 Meters £30 
Marconi 2955 Radio Communications Test Set £595 Thurlby PL320 PSU 0-30V 0-2A Digital £50 
Marconi 2955A Radio Communications Test Set £725 Thurlby TG210 Function Generator 0.002-2MHZ TTL etc Kenwood Badged £65 
Marconi 2955B Radio Communications Test Set £850 Wavetek 296 Synthesised Function Generator 2 Channel 50MHZ £450 
Marconi 6200 Microwave Test Se’ £1,950 
Marconi 6200A Microwave Test Set 10MHZ-20GHZ £2,500 
Marconi 6200B Microwave Test Se £3,000 STEWART OF READING 
IFR 6204B Microwave Test Set 40GHZ £10,000 17A King Street, Mortimer, Near Reading, RG7 3RS 
Marconi 6210 Reflection Analyser for 6200 Test Sets £1,250 Telephone: 0118 933 1111¢ Fax: 0118 933 2375 
Marconi 6960B with 6910 Power Meter £295 . 

Marconi TF2167 RF Amplifier 50KHZ - 80MHZ 10W £75 9am — Spm, Monday — Friday 
Oscilloscope 2 Channel 100MHZ 1.25GS/S £800 Please check availability before ordering or CALLING IN 


| Tektronix TDS3012 


Ss JL = o oe For insured UK delivery: 

Tel. 01298 70012 Atlas House, 2 Kiln Lane a on Please add £3.00 inc VAT 

FI : 
~~ 


UK designed, 


Buxton, Derbyshire Check online or 
UKmaie, sales@peakelec.co.uk SK17 9JL, UK give us a call for 
with pride. 


LCR45 aw Pro Pack 
Brand new product! 


Fantastic pack containing 
Introducing a new powerful LCR meter that identifies your passive the DCA7S and the 
components (Inductors, Capacitors and Resistors) but also LCR45 in a custom 
measures complex impedance, magnitude of impedance with phase made padded carry 

and admittance too! case. 

Auto and Manual test modes to allow you to specify the test Includes user guides, USB 
frequency and/or component type. 


PEAK’ 


electronic design Itd 


 @p ae 


and Impedance Meter 
with Auto and Manual modes 


flash drive, USB cable and spare 


- Continuous fluid measurements. 
- Improved measurement resolution 


— 


alkaline batteries for both instruments. 


£215.95 


(<0.2uH, <0,2pF) £179.96+VAT All items shown are included 


D Cc 7 5 The allnew ‘Avery capable analyser” 
Detated reveew in FaclCom maganne (March 2013) 
A DCA Pro 


Exciting new generation of semiconductor identifier 
and analyser. The DCA Pro features a new 
graphics display showing you detailed component 
schematics. Built-in USB offers amazing PC based 
features too such as curve tracing and detailed 
analysis in Excel. PC software supplied on a USB 


Flash Drive. Includes Alkaline AAA battery and comprehensive user guide. 
—— 


E a] £115.95 


£96.62+VAT 
led data. Further information is also available on our website. Product price refunded if you're not happy. 


Impedance 280k 
+25.6 +3155.10 
— 


< if you'd like det. 


mped 


Inductorfl 23.62% 
L=123.4pH O266k4% 


£99.95 


£83.29+VAT 


It's only possible to show summary specifications here. Ple 


» LAD CONNECTED ....° 


© 


§ 
Ri 


Version 8.3 will include support for MCAD data exchange 
via the STEP/IGES file formats 
www.labcenter.com 


